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1960 Southwestern Meeting at Houston, March 4-5, 1960 


HE 1960 Southwestern meeting will be held 

in the city and on the campus in and on 
which these meetings originated, to wit, the city 
of Houston and the campus of The Rice Institute. 
This will be our fourth congress in this friendly 
place—there was one previous convention at this 
season in 1956 and two autumn meetings in 1947 
and 1951. We shall find the campus enriched with 
new buildings and a grand new auditorium. The 
Chairman of our Local Committee for those last 
three meetings is gone, and we salute the memory 
of Claude W. Heaps. His difficult task has been in- 
herited by T. W. Bonner of The Rice Institute, to 
whom we express in advance our thanks. 

Houston is on the Southern Pacific (from Los 
Angeles and New Orleans), the Missouri Pacific 
(from St. Louis and New York), and the Santa Fe 
(from Chicago, Kansas City, and Oklahoma City). 


Hotels. The official hotels are the Shamrock- 
Hilton (rates $8-$10 single, $12-$15 double) and 
the Warwick ($6-$7 for singles, $10-$12 for 
doubles). The Rice Institute is between them, a 
little closer to the Warwick, but not out of easy 
walking distance from either—and taxis are avail- 
able. Downtown Houston is about three miles 
away, and the buses run along South Main Street 
and are numbered #10 and #66. ; 


The registration desk will be in the cloisters just 
outside the Physics Building, which is on the right 
after one passes through the monumental portal 
of the Institute that faces roughly toward the 
Hotel Warwick and downtown Houston. The regis- 
tration fee is to be one dollar. Blackboards will be 
set up near the registration desk for notice of 
messages, notice of post-deadline papers, and any 
other information about the meeting that it is 
desired to bring to the knowledge of members and 
guests. 


Invited papers on a goodly variety of topics have 
been provided largely through the activity of a 


Local Committee and representatives of the Uni- 
versities of Texas and Oklahoma. 


Sixty-two contributed papers are distributed 
among seven sessions. This number is smaller than 
last year’s at Austin, and we have no idea whether 
to regard the drop as a mere fluctuation without 
significance, to ascribe it to the fact that the dis- 
tance between Houston and Austin is small as 
distance is reckoned in Texas, or to conjecture that 
since deadline was one week after New Year's day, 
the long academic holidays and the festal spirits 
blotted the meeting from the memories of some who 
might have sent in abstracts. Just as four years ago, 
the specialties of the area are discerned in the pre- 
dominance of scattering and transmutation of 
nuclei, and in the physics of atoms and molecules, 
while solid-state physics and what is now called 
“high-energy” physics are scantily represented. 


The banquet of the Society will be held in the 
Faculty Club (new since the time of our latest 
Houston meeting) of The Rice Institute. The day 
is of course Friday, the time is seven o'clock, and 
the price is four dollars. All reservations must be 
made by noon on the Friday! Take heed of this! 
If you expect to be late, or even if you don’t, it will 
be an extremely good idea to send a check in ad- 
vance to make and hold your reservation. Make out 
the check to The American Physical Society, and 
send it to Professor T. W. Bonner, The Rice Insti- 
tute, Houston, Texas. The after-dinner speakers 
will be W. V. Houston and R. W. G. Wyckoff. 


A cocktail party will be given by the Houston 
Physical Society to the out-of-town members and 
guests. This gracious event is scheduled for 5 to 
6:30 P.M. on Friday (and please consider 6:30 P.M. 
not as the latest moment when you may arrive, but 
as the moment when you should be starting for the 
banquet). The place is the College Inn, across 
Main Street from the campus. 


Post-deadline papers pertaining to very recent 


special Committee comprising the Chairman of the achievements of very special importance will be 
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considered for admission to what is called ‘the 
special supplementary programme”’ if the abstracts 
are received not later than Friday, February 26, at 
the office of Professor T. W. Bonner, The Rice 
Institute, Houston, Texas. We ask that they be 
sent there rather than to the office of the Society to 
spare them a double journey and risk of loss. We 
are indicating no particular session for post-dead- 
line papers, since all of the regular sessions are 
short enough to accept a few extras. 

No meeting of the Council of The American 
Physical Society is anticipated on this occasion. 


A preliminary announcement of the 1960 Spring 
Meeting at Washington appears on page 136 of this 
Bulletin. Read it well, and impress upon your mind 


the fact that this year (and hereafter for as long 
as we can foresee) the Washington Meeting will 
begin on a Monday. 


Errata pertaining to the contents of this issue 
will be published in a later issue of this Bulletin if 
received not later than Monday, March 7, by Miss 
Ruth Bryans, American Institute of Physics, 335 
East 45 Street, New York 17, New York. Do not 
send in a copy of your abstract marked with cor- 
rections! Write out every correction in the form 
“Instead of .. . read. . . .”” Add nothing. 


Kar_ K. Darrow 
American Physical Society 
Columbia University 

New York 27, New Yor) 


( 
1. 


10:45 A. 
11:00 B. 
11:00 C. 


2:00 E. 
2:00 F. 
2:00 G. 


9:30 J. 


1:30 P. 


9:45 D. 


2:00 H. 


9:30 K. 


10:00 M. 


1:30 N. 


EPITOME OF THE 1960 SOUTHWESTERN MEETING 


(Personal names are those of invited speakers.) 


FripAyY MORNING 


Krotkov, LaCoste, O’ Keefe. Physics Amphitheatre. 
Wentzel, Schrieffer. Hamman Auditorium. 

Unstable nuclei; sputtering; Allred. 210 Physics. 
Tobocman, Satchler, Ivash, Foldy. Fondren Library. 


FRIDAY AFTERNOON 


Christy, Wildermuth, Feenberg, Simmons. Physics Amphitheatre. 
Strong, Jastrow, Kuiper, Vallarta. Hamman Auditorium. 
Neutron physics. 210 Physics. 

General Physics. Fondren Library. 


FRIDAY EVENING AT 7:00 


Banquet of The American Physical Society: Houston, Wyckoff. Faculty Club. 


SATURDAY MORNING 


Alba Andrade, Pipkin, Millett, Ribe, undecided. Hamman Auditorium. 
Yarnell, MacDonald, Alder, undecided. Physics Amphitheatre. 
Robertson; Atoms and molecules. Fondren Library. 


Scattering and transmutation of nuclei, I. 210 Physics. 


SATURDAY AFTERNOON 


Transmutation of Nuclei, II. 210 Physics. 
Magnetic resonance; Cryogenics. Physics Amphitheatre. 
Theoretical physics. Fondren Library. 
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PROGRAMME 


FRIDAY MORNING AT 10:45 
Physics Amphitheatre 


(ROBERT JASTROW presiding) 


Invited Papers on Gravity 


Al. Gravitational Field of the Earth. J. A. O’Keere, N.A.S.A. (30 min.) 
A2. Measurement of Gravity at Sea and in the Air. Lucien LaCoste, LaCoste and Romberg. 


(30 min.) 


A3. Tests of General Relativity Theory. Ropert Krorkov, Princeton University. (30 min.) 


FripAY MORNING aT 11:00 
Hamman Auditorium 


(C. F. SQuIRE presiding) 


Invited Papers on Superconductivity 


Bl. Statistical Thermodynamics of the Superconductive State. GREGOR WENTZEL, University of 


Chicago. (30 min.) 


B2. Recent Developments in the Theory of Superconductivity. J. R. ScuRIEFFER, University of 


Illinois. (30 min.) 


FRIDAY MorNING AT 11:00 


210 Physics Building 


(C. M. Crass presiding) 


Cl. Measurement and Analysis of High-Energy Beta 
Spectra of Light Elements.* B. J. Farmer, J. G. CRAMER, JR., 
AND C. M. Crass, The Rice Institute-—The beta spectra of 
Li’, B*, B®, and N® were measured with a scintillation 
spectrometer using a 3-in. diam by 4-in. long Pilot-B plastic 
scintillator 4o totally absorb the collimated beta-rays. The 
spectra were recorded with the aid of a 256-channel analyzer. 
The bombarding beam and the spectrometer were gated 
alternately at frequencies appropriate to the half lives of the 
decays so that the spectrometer operated only with the beam 
off the target. The observed spectra showed remarkably good 
agreement with those taken using magnetic analysis.! The 
Li? and B® spectra showed good agreement when compared 
to the spectra given by a recent calculation® which takes into 
account the large width of the final state in Be*® to which the 
decays occur. The spectrum of B® could not be fitted using 
the reported values for the branching of the decay to the 
four levels in C®.? Reasonable agreement is obtained for both 
B® and N® by assuming equal matrix elements for the decays 
to these levels. 

* Supported by the U. S. Atomic Energy Commission. 

1W. Hornyak and T. Lauritsen, Phys. Rev. 77, 160 (1950); J. F. Vedder, 
UCRL-8324 (unpublished). 


?L. C. Biedenharn and T. Griffy, Nuclear Phys. (to be published). 
3 F. Ajzenberg-Selove and T. Lauritsen, Nuclear Phys. 1, 11 (1959). 


C2. Half-Life of the 54-kev Excited State of Zn®™. L. S. 
Avucust, U. S. Naval Research Laboratory.—In the course of 
a study of the Ga® decay, the 54-kev level of Zn® was found 
to be isomeric with a half-life of 1.65+0.05 psec. The half-life 


Radioactive Nuclei 


of this state was determined by means of a relatively simple 
delayed coincidence circuit and standard scintillation spec- 
trometry techniques. This half-life is compatible with either 
an E2 or M1+E£2 multipole assignment for the 54-kev 
transition. The isomeric state was also used as a diagnostic 
tool to study the decay scheme for the first three excited 
states of Zn®. Delayed coincidences were observed between 
152- and 54-kev y-rays and also 61- and 54-kev y-rays. 
These coincidences strongly support the decay scheme pro- 
posed by Bernstein and Lewis! for the first three excited 
states of Zn®. 

1 E. M. Bernstein and H. W. Lewis, Phys. Rev. 107, 737 (1957). 


C3. Decay of Ne'*. J. W. BurLer anp K. L. DUNNING. 
U.S. Naval Research Laboratory.—A source of the radioactive 
nuclide Ne'* has been produced in the O'*( He*,7) Ne'® reaction 
by 4.5-Mev He’ particles from the NRL 5-Mv Van de Graaff 
accelerator. The gamma rays following the decay of Ne!* were 
detected by a 3-in. diam X3-in. Nal(Tl) crystal and a 100- 
channel pulse height analyzer. Two gamma rays were ob- 
served, 1.05+0.02 and 1.65+0.07 Mev, with relative 
intensities of 60+40 and 40+20%. These gamma rays are 
assigned to the 1.70- and 1.043-Mev states in F!8. Since the 
relative intensities are consistent with the branching ratio of 
Kuehner et al.’ for the de-excitation of the 1.70-Mev state, 
the evidence indicates that only one excited state in F'* is 
directly excited to any appreciable extent in the decay of 
Ne!*. A gamma ray of 0.66 Mev is also involved in the cascade 
from the 1.70-Mev state through the 1.043-Mev state, but the 
annihilation radiation from the positron decay of products 
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from competing (He?’,p) and (He',a) reactions, as well as from 
the Ne’ itself, makes it difficult to determine with certainty 
whether or not a 0.66-Mev gamma ray is present in the 
decay of Ne'’. Approximately 90% of the Ne!® decays lead 
directly to the ground state of F'*. Therefore, the log ft value 
for this mode of decay is 3.0. 


1J. A. Kuehner, E. Almqvist, and D. A. Bromley, Bull. Am. Phys, Soc. 
Ser. II, 3, 27 (1958), and oral report. 


C4. An Acoustical Theory of Sputtering.* Donatp A. 
Cowan, University of Dallas, and University of Houston.—The 
data which are observed in the experimental sputtering of 
metals—the so-called ‘‘cut-in’’ energies, the emitted velocities, 
and the yield—are predicted on the basis of a single inelastic 
impact model. The incident ion of mass m is assumed to form 
a compound particle with a target atom of mass M; if the 
compound particle travels with a speed greater than the 


ane 


speed of sound V in the metal target, a shock-vacancy is 
created, of energy MV? and of momentum MY directed into 
the target. The compound particle then dissociates, and the 
atom is emitted from the target, energy and momentum being 
conserved. If the compound particle travels at nV, then n 
atoms are collected into the compound particle, m vacancies 
are created, and m atoms emitted. The apparent threshold or 
“cut-in” energy, E., for incident ions to give rise to sputtering, 
according to the model, is E.=[(M-+m)?/2m+M]V?. 
Reported data are in agreement with this relation, and, 
similarly, data on yield are in agreement with the predicted 
n*E, for normal incident ion energies, where E, is the normal 
threshold energy. Data on emitted velicities are, as yet, 
insufficient for comparison with the predicted spectrum of 
velocities. 


* Assisted in part by the Office of Naval Research under a contract and 
by the U. S. Atomic Energy Commission. 


Invited Paper 
C5. Sputtering by Ion Beams. J. C. ALLRED, University of Houston. (30 min.) 


Frmay MorninG AT 9:45 
Lecture Lounge, Fondren Library 
(G. C. PHILLIPs presiding) 


Invited Papers in Nuclear Physics 


D1. Numerical Results for Deuteron-Stripping Cross Sections, Polarizations, and Gamma Angular 
Correlations. W. Topocman, The Rice Institute. (30 min.) 
D2. Distorted Wave Effects on Direct Nuclear Reactions. G. R. SATCHLER, Oak Ridge National 


Laboratory. (30 min.) 


D3. Some Recent Developments in Nuclear Stripping Reactions. E. Ivasu, University of Texas. 


(30 min.) 


D4. On a Test of Charge Independence in Reactions of Protons on Carbon 14. L. L. Foipy, Case 


Institute of Technology. (20 min.) 


FRIDAY AFTERNOON AT 2:00 


Physics Amphitheatre 
(E. L. HupspPetH presiding) 


Invited Papers in Nuclear Physics 


El. Comparison of Nuclear Models. R. F. Curisty, California Institute of Technology. (30 min.) 
E2. Cluster Model and Nuclear Structure. K. WiLpERMuTH, Florida State University. (30 min.) 
E3. Correlated Basis Functions in Many-Particle Problems. E. FEENBERG, Washington University. 


(30 min.) 


E4. Recent Work in Fission. J. Summons, Los Alamos Scientific Laboratory. (30 min.) 


FRIDAY AFTERNOON AT 2:00 
Hamman Auditorium 
(V. F. WeEtIsskoprF presiding) 


Invited Papers in Space Physics 
Fl. Uses of Balloons for Astrophysical and Meteorological Research. JoHN STRONG, Johns Hopkins 


University. (30 min.) 


F2. Properties of the Upper Atmosphere. RoBert Jastrow, N.A.S.A. (30 min.) 
F3. The Moon. G. P. Kuiper, Yerkes Observatory. (30 min.) 
F4. Theory of the High-Intensity Radiation Belts Surrounding the Earth. Manvet SANDOVAL 


VALLARTA, Comision Nacional de Energia Nuclear, Mexico. (30 min.) 
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SESSION G 


FrIpDAY AFTERNOON AT 2:00 
210 Physics Building 
(B. B. KINSEY presiding) 


Neutron Physics 


G1. MTR Phased Chopper Slow Neutron Velocity Selector.* 
R. M. BrucGcer, P. D. RANpoLpH, R. E. SCHMUNK, AND 
J. E. Evans, Phillips Petroleum Company.—A slow neutron 
velocity selector consisting of two phased Fermi-type choppers 
has been installed at the Materials Testing Reactor. The 
MTR velocity selector is a low-collimation, high-intensity 
instrument that gives short bursts of nearly monoenergetic 
neutrons. With the selector and its associated time-of-flight 
electronics, energy and angular distributions of inelastically 
scattered slow neutrons are measured simultaneously at 
eight scattering angles. Hysteresis motors drive the choppers 
in phase! at speeds up to 5225 rpm, producing bursts as 
narrow as 40 usec. The phase variations contribute <20% of 
the neutron burst width for 24-hr runs. Some of the features 
of this type of selector are: (1) data are taken at many 
scattering angles simultaneously, (2) the initial neutron 
energy is continuously and easily variable, (3) the acceptable 
initial energies cover a wide energy range (0.004 ev to 0.5 ev), 
and (4) no order components are present. Preliminary experi- 
ments show the feasibility of measuring the dispersion curves 
(frequency vs wave vector) of sound waves in crystals, the 
energies of rotational states in liquids, and the moderating 
properties of neutrons in reactor materials. 


* Work done under the auspices of the U. S. Atomic Energy Commission. 
1P. A. Egelstaff, Proceedings of the International Conference on the Peaceful 
Uses of Atomic Energy, 1956, Vol. 4, pp. 119-121. 


G2. Fast Neutron Time-of-Flight Spectrometer. C. F. 
Cook. Phillips Petroleum Company.—A fast neutron time-of- 
flight spectrometer of the associated charged particle type is 
described. The techniques used to obtain fast pulses will be 
described. The time resolution of the spectrometer has been 
measured using Co y radiation and a variable delay line 
and was about two and one-half mysec half-width at half 
maximum. Linearity checks indicated no significant deviation 
from linearity over the time range of interest. Time resolution 
and linearity data will be presented. 


G3. Gamma Ray Insensitive Proton-Recoil Spectrometer.* 
W. E. Tucker Anp J. B. Asne, Texas Nuclear Corporation.— 
A pulse shape discrimination circuit! for detecting neutrons 
with an organic scintillator has been designed and tested 
which provides good gamma ray discrimination. The present 
prototype spectrometer covers a neutron energy range from 
1.0 Mev to about 17.0 Mev with a gamma-ray rejection 
ratio for Co® gamma rays of approximately 3000/1. Data on 
the efficiency and response of the spectrometer will be pre- 
sented along with the neutron spectra obtained from several 
a-Be neutron sources. 

* Supported by Wright Air Development Center, Materials Laboratory. 


1F, D. Brooks, AERE NP/GEN 8 (1959). 
?R. B. Owen, Inst. Radio Engrs. on Nuclear Sci., NS-5, 198-201 (1958). 


G4. Slow-Neutron Scattering Cross Section of Anisotropic 
Substances.* R. R. BoEDEKER, R. M. DELANEY, AND A. H. 
WEBER, St. Louis University.—The isotropic Einstein model 
for slow neutron scattering,! which has been extended by 
R. M. Delaney? to include all possible processes of phonon 
exchange between neutron and nucleus, has been employed 
to calculate the total (47) neutron cross section for anisotropic 
materials. A comparison is made with experimental results 
by examining neutron cross section data for graphite obtained 
at the Brookhaven National Laboratory. The Einstein 


temperatures are determined by matching theory and experi- 
ment for one value of neutron energy and sample temperature. 
The anisotropic Einstein model is found to give better .esults 
(about 15% better for sample temperatures high enough so 
that the Einstein model is valid) then the anistropic Debye 
model (developed by L. S. Kothari and K. S. Singwi*) for 
graphite. However for graphite the anisotropic Einstein 
model yields values only slightly closer (about 1%) to experi- 
mental data than the isotropic Einstein model.? The difference 
between the anisotropic and the isotropic Einstein models is 
found to increase slightly with Einstein temperature. 

* Supported by the Office of Ordnance Research, U. S. Army. 

1R. J. Finkelstein, Phys. Rev. 72, 907 (1947). 

2 Delaney, Boedeker, Weber, Bull. Am. Phys. Soc. Ser. II, 2, 202 (1957). 

3D. J. Hughes and R. B. Schwartz, “Neutron cross sections”, Brook- 
haven National Laboratory, Upton, New York, Document BNL 325, 


(1958), second edition. 
4L. S. Kothari and K. S. Singwi, Phys. Rev. 106, 230 (1957). 


G5. Inelastic Scattering of 4.1-Mev Neutrons from Lead.* 
J. T. Prup’HomMeE anp I. L. MorGan, Texas Nuclear 
Corporation, AND L. D. VINCENT,t University of Texas.—The 
energy distributions of 4.1-Mev neutrons scattered at 90° 
from normal lead and radiogenic lead (88% Pb-206) have 
been measured using a pulsed beam time-of-flight system. 
Discrete neutron groups were observed in the normal lead 
spectrum at 0.60+0.10 Mev, 0.90+0.11 Mev, and 1.46+0.12 
Mev. Appropriate subtraction of the radiogenic lead spectrum 
yields the spectrum from Pb-208 plus a contribution on 
account of Pb-207. Analysis of the resultant energy distribu- 
tion indicates that the three groups observed result primarily 
from the 208 isotope. These groups correspond closely in 
energy to neutrons resulting from excitation of the first three 
excited states in Pb-208. The two lower energy groups are 
about equal in intensity and are approximately one third as 
intense as the 1.46 Mev group. 

* Supported by Wright Air Development Center, Aeronautical Research 
Laboratory. 


2 National Science Foundation Science Faculty Fellow, The University 
exas. 


G6. Inelastic Scattering of 4.1-Mev Neutrons.* L. D. 
VINCENTT AND R. N. LittLe, JR., University of Texas, AND 
I. L. MorGan AnD J. T. Prup’HoMME, Texas Nuclear 
Corporation.—The energy distributions of 4.1-Mev neutrons 
scattered inelastically by Ca, S, Mo, Sb, Ba, and Hg have 
been obtained for angles between 30° and 135°. A pulsed 
beam time-of-flight technique was used to make these 
measurements. The data for Mo, Sb, and Hg show good 
agreement with evaporation type spectra of the form N(£E) 
=kEe~®'T in the energy range from 0.5 Mev to 2.3 Mev. 
The nuclear temperatures obtained are 


Element 


Sb Hg 
Temperature (Mev) 0.44 +0.04 0.55 +0.04 


Mo 
0.48 +0.04 


The data were extrapolated to zero neutron energy using the 
evaporation model and the total non-elastic cross sections 
computed from the angular distributions. Discrete neutron 
groups were observed in barium. Angular distributions of the 
inelastic neutrons from Mo, Sb, and Hg were found to be 
isotropic to within the experimental errors (+10%). 


s Supported by Wright Air Development Center, Aeronautical Research 
boratory. 
2 National Science Foundation Science Faculty Fellow, The University 
‘exas. 
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G7. Inelastic Scattering of 14-Mev Neutrons. R. T. 
ARNOLD* AND G. B. Bunyarp,t Vanderbilt University.—The 
associated-particle time-of-flight technique has been used to 
observe the energy distributions at 90° of 14-Mev neutrons 
inelastically scattered from Si**, S®, Co®, [!27, and 
Bi®™., Attempts have been made to fit the data using the 
statistical theory. For most of the isotopes, plots of 
log(1/cE)dN/dE vs E indicate a reasonably linear fit in the 
emitted neutron energy range from about 0.5 to 4 Mev. The 
nuclear temperatures determined are: 


Element Co* [127 
Temperature (Mev) 1.08+0.09 0.97+0.09 0.81+0.08 0.95+0.09 


G AND H 


Similar plots for silicon and sulfur exhibit two linear regions 
with slopes corresponding to temperatures of 0.5 and 2 Mev 
for Si#® and 0.25 and 1.45 Mev for S®. The observed excess 
of neutrons with energy greater than 4 Mev are discussed in 
terms of direct interaction effects and of selection rules 
favoring transitions between widely separated levels for 
compound nucleus processes. Theoretical calculations of the 
energy distributions for an (,2n) reaction have been compared 
with the experimental data. 


* Now at Sperry Microwave Electronics Company, Clearwater, Florida. 
t Now at Lawrence Radiation Laboratory, Livermore, California. 


FRIDAY AFTERNOON AT 2:00 


Lecture Lounge, Fondren Library 


(J. Rup NIELSEN presiding) 


General Physics 


H1. Physical Theory of Sandstorms. Moopy L. CorrMan, 
Abilene Christian College-—Miniature sandstorms have been 
generated in a small wind tunnel in an effort to determine the 
important forces in the transport of sand from the surface of 
the earth. In particular, the effect of the electrostatic field of 
the earth has been investigated by theory and experiment. 
Results indicate that a zero electrostatic field intensity gives 
rise to greatest mass of sand being lifted by a given wind 
velocity under the same conditions of temperature and 
humidity. Theoretical investigations indicate the relative 
importance of forces because of locally laminar flow of air 
and forces on account of electric fields are dependent upon 
the radii of the grains of sand. With this result a consistent 
theory is given to explain the above observations. 


H2. Leading Triad of Elements (O-Mg-Si) in the Evolution 
of Matter. N. Erremov, New York City.—The laws of forma- 
tion of chemical elements in the universe as well as their 
distribution in the geospheres become clearer, when we 
consider the petrologically important elements and disregard 
the remaining ones. Practically nature has put a period after 
Feos and Nigs, i.e., the origin of the elements important in the 
universe as well in the earth ended with the fourth row of the 
fourth period of the Periodic System. On the basis of some 
physical characteristics we can distinguish a unique har- 
monious triad of leading elements: Os-Mgi2-Si14. They may 
be paragenetically traced from the cosmic stage through the 
evolution of magmatic matter. The list of factors distinguish- 
ing this complex of elements is given in the table below 
(where v means valency, K-a coefficient directly proportional 
to the magnitude of ionic radii, Z—-atomic number). 


isotopic Sum Sum 
Elements isotopes differences v K v+K Z+K 
16-17-18 -2 8 6 16 
8-8-8 
Mg: 24-25-26 2 4 6 16 
4-4-4 
Siu 28-29-30 4 2 6 16 


The theoretical selection of this triad is supported by the 
data of the cosmic abundance of elements as well as by the 
data of the composition of the terrrestrial globe and stone 
meteorites. 


H3. Effective Depth of X-Ray Production.* S. I. SaLem 
AND H. P. Hanson, University of Texas.—A measure of the 
depth of penetration into metals of electrons having energies 


in the range of tens of kv may be obtained by studying the 
x-ray emission. The conventional method of obtaining the 
effective depth of x-ray production from the magnitude of 
the discontinuity in the continuous radiation at the absorption 
edge may be augmented by a study of the emission lines as a 
function of voltage. It is found that the K, and the Kg line 
intensities do not increase with voltage in the same fashion 
on account of the increasing depth of penetration and due to 
the difference in the absorption coefficients at the two wave- 
lengths. Despite the complexity of the physical processes 
involved, the change of effective depth with voltage may be 
established with fair confidence. A value of about 450 A per 
kv is observed for both the continuum and the total line 
radiation in copper and nickel. Since one obtains a value of 
1800 A per kv for the indirectly formed line radiation, the 
inference may be drawn that the relative amount of indirectly 
formed radiation is small. 


* Supported by the Robert A. Welch Foundation. 


H4. Instrumental Line Width in a NalI(Tl) Scintillation 
Spectrometer.* J. Monanwan, S. Rasoy, anp C. C. Tram, 
Argonne National Laboratory.—The instrumental line width 
of the scintillation spectrometer with an anticoincidence 
annulus of NalI(T1)! has been studied in the energy region from 
400 kev to 2.75 Mev. These results indicate to better than 
3% that the full width at half maximum, S, of the photopeak 
and the energy E of the gamma ray are related by (S/E)? 
=(a/E)+6, where a and 6 are constants. Further measure- 
ments to include the energy region from 70 kev to 7 Mev are 
in progress. 

* Work performed under the auspices of the U. S. Atomic Energy 


Commission. 
1C. C. Trial and S. Raboy, Rev. Sci. Instr. 30, 425 (1959). 


HS. Elastic Constants of NaI Single Crystals.* B. J. 
MARSHALL, The Rice Institute-——The elastic constants of 
single crystals of Nal have been measured over the temper- 
ature range of 300°K to 4.2°K by the conventional pulse 
technique using a frequency of 10 mc. Values of the elastic 
constants at 4.2°K are ¢:=3.76+40.6%, ca=0.781+40.3%, 
and ¢;2=0.799+7.1% in units of 10% dynes/cm*. The @ Debye 
at 0°K calculated from our data is 167.6°K. This may be 
compared to 164.2°K from very low-temperature specific heat 
data taken from Berg and Morrison.! The variation of 6 with 
temperature suggests a possible frequency spectrum which 
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roughly is made up of a simple Debye spectrum and a single 
Einstein term. A comparison of specific heat experiment and 
theory will be made. 

* by NASA contract. 


Berg and J. A. Morrison, Proc. Roy. Soc. (London) A242, 467 
oul 478 (1957). 


H6. Acoustic Attenuation in Single Crystal LiF and 
Potassium Chrome Alum.* M. H. Norwoop,ft The Rice 
Institute—We have begun sound attenuation studies at high 
frequencies in single crystals of dielectrics. The measured 
apparent attenuation in LiF (of order 2 db/echo) seems to be 
almost independent of frequency from 10 mc to 90 mc and of 
temperature from 150°K to room temperature. We believe 
this apparent attenuation can be attributed not to the LiF 
specimen but almost entirely to the binder and transducer 
interface, diffraction, and other corrections. The intrinsic 
attenuation is too small to be measured accurately by the 
pulse technique. This result is not surprising in view of 
another measurement! and indicates that LiF may be used as 
a zero loss meadium for studying the effects causing the 
apparent attenuation. Much larger attenuation (of order 12 
db/echo) has been observed in a paramagnetic salt, potassium 
chrome alum. Preliminary results indicate that an interesting 
behavior of attenuation as a function of temperature may 
exist. 

* Supported by NASA contract. 


t Shell Oil Company Fellow in Physic 
1D. L. Arenberg, J. Acoust. Soc. Am. 20, 10 (1948). 


H7. Light Scattering in Quenched Single Crystals of 
Potassium Chloride. C. A. Print, O. THEmmER, AND W. A. 
SiBLEy, University of Oklahoma.—Experiments at quenching 
temperatures up to 650°C are described. The results show an 
increase in the scattering power for quench temperatures 
below 525°C and a decrease for higher quench temperatures. 
The effect can be explained in terms of the charge clouds 
around dislocations, the dissociation of vacancy impurity 
complexes, and the production of thermal vacancies. The 
results are also compared with yield strength experiments. 


H8. Contact Geometry and Detector Orientation Consider- 
ations in Maximizing Photocurrents. Y. T. SIHVONEN AND 
D. R. Boyp, General Motors Corporation—When photo- 
conducting crystals are prepared for the purposes of detecting 
radiation, there is, in addition to the need for selecting 
suitable contact materials, the problem of arranging contact 
and crystal geometries relative to the radiation source so that 
optimum photocurrents will result. An analytical analysis has 
been made to derive a general photoconductance equation 
for radiation incident onto a photoconductor incased between 
two materials serving as contacts. This equation includes 
effects of all multiple reflections but does not incorporate 
scattering losses or interference effects. Specific cases are 
discussed to bring out pertinent ideas, including the desir- 
ability of having transparent contacts. Suitable transparent- 
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ohmic contacts to CdS yield photocurrent orders of magnitude 
greater than obtained with end contacted specimens. 


H9. On the Inductance of Junction Diodes. I. Lapany, 
U. S. Naval Research Laboratory.—A small electric field is 
generated by the carriers injected into the base of junction 
diodes. The influence of this field on the small-signal impedance 
of an intrinsic-base diode has been calculated under the 
assumption of quasi-neutrality. The result is summarized in 
the form of curves of the total impedance of the diode as a 
function of frequency and forward bias. Over a considerable 
range of frequencies, and for a bias exceeding a certain 
minimum value, the reactance is inductive. The peak of this 
inductance occurs at a frequency for which the base width 
equals the ac diffusion length. The Q of the inductance does 
not exceed 1. Experimental diodes have been made by alloy- 
ing suitable contacts to germanium wafers. Measurements of 
the small-signal impedance on these diodes appear to support 
the theory. 


H10. Germanium Heavily Doped with III-V Compounds. 
J. O. McCatpin, Hughes Semiconductors.—Specimens of Ge 
saturated with a III-V compound (InSb, InAs, InP, GaSb, 
or GaAs) were prepared by fusing the compound into a large 
Ge die in an evacuated quartz capsule. On cooling, the 
saturated material first regrows on the undissolved portion 
of the Ge die, and is followed by the formation of a quasi- 
binary eutectic. Thus, information about eutectic compositions 
and temperatures was also obtained: the eutectic is composed 
typically of ~50% III-V compound and the eutectic temper- 
ature is ~50°C to ~150°C lower than the melting point of 
either component. The “regrowth” Ge solid solution, on the 
other hand, contains of the order of 1% III-V compound. 
Large mutual solubility effects have been observed! between 
the III and V impurities. In the system GeGaSb, Ge single 
crystal specimens containing 10”/cc or more of both dopants 
have been prepared for Hall mobility measurement. Solubili- 
ties and carrier mobilities in this system will be discussed. 

1 J. O. McCaldin, J. Appl. Phys. (to be published). 


2? Wittry, Axelrod, and McCaldin, Proc. Am. Inst. Mining Met. Engrs. 
Semiconductors Conference, Boston, August 31-September 2, 1959 


H11. Air Cooled Duo Plasmatron Ion Source. J. E. WeBB* 
AND D. C. Ravrpu, Louisiana State University—A compact 
ion source of the duo plasmatron type originated by von 
Ardenne! has been constructed and tested. The use of forced 
air cooling has permitted simplified design and reduced power 
requirement. Typical input power is less than 200 w. lon 
outputs are comparable with others reported.? The design of 
the source and associated circuits and the output as a function 
of various parameters will be presented. 


* Now at Southwestern Louisiana Institute, Lafayette, Louisiana. 
1M. von Ardenne, Tabellen der Elektronenphysik Ionenphysik und Ubermi- 
kroshopie (Deutscher Verlag der Wissenschaften, — 1956). 
2c, Moak, H. E. Banta, J. N. Thurston, J. W. Johnson, and R. F. 
King, Rev. Sci. Instr. 30, 694 (i959). 
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J2. Optical Pumping Measurements on the Hydrogen Isotopes. F. M. Pirin, //arvard University. 


(30 min.) 


J3. Interpretation of the Momentum-Distribution of Two-Photon Annihilation Radiation in Cer- 
tain Liquids and Crystals. W. E. MILLett, University of Texas. (30 min.) 


SATURDAY MorNING AT 9:30 


Physics Amphitheatre 


(C. W. Horton presiding) 


Invited Papers in Solid-State Physics 
Ki. Neutron Techniques in Solid State Physics. Y. L. YARNELL, Los Alamos Scientific Laboratory. 


(30 min.) 


K2. Space Charge, Capacitance, and Rectification in Solids. J. R. MacDonatp, Texas Instru- 


ments Inc. (30 min.) 


K3. State of Matter up to Millions of Atmospheres. B. J. ALDER, University of California, Berkeley. 


(30 min.) 


K4. Solid Helium 3. HENry PrimaxorFr, Washington University. (30 min.) 


SATURDAY MorNING AT 9:30 
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(F. A. MATSEN presiding) 


Invited Paper 
Ll. Effects of Hydrostatic Pressure in Electronic Absorption Spectra. W. W. Ropertson, Uni- 


versity of Texas. (30 min.) 


Atoms and Molecules 


L2. Excitation of Helium Triplet States by Electron Impact.* 
RoseErt M. St. Joun, University of Oklahoma.—Measurements 
have been made on helium concerning excitation from the 
ground state to triplet states by electron impact. Each 
triplet excitation function rises steeply from zero at the 
excitation potential, has a single sharp peak in the energy 
range between 30 and 35 ev, and at higher energies drops off 
a little less slowly than the inverse of the electron energy. 
The helium pressure was maintained at less than 10-? mm in 
order to make insignificant collisional transfer of energy and 
other secondary processes. The triplet excitation function 
exhibits its peak at a much lower energy than the singlet 
function. The peak of the 3!P function is rather broad’ and 


occurs at 100 ev.! 


* This work was supported by the Air Force Office of Scientific Research 
under an Air Force Contract. 

1R. M. St. John and F. E. Fajen, Paper C-1, 12th Annual Gaseous 
Electronics Conference (1959). 


L3. Helium Wave Function in Momentum Space. M. G. 
HENDERSON AND CHARLES W. ScHERR, The University of 
Texas.—Approximate solutions to the integral Schroedinger 
equation in momentum space are obtained. Using the iteration 
scheme of Svartholm,'? the first iterated wave function and 
half-iterated energy are obtained. A wave function of the type 


$= —ajp2*) +exp( —ajpi* —a;p2*) 


is employed to start the iteration procedure. The best 
energy value computed using a wave function with three non- 
linear parameters is —2.8915 a.u. This energy is to be com- 
pared with the result of a conventional variational calculation 
using the same wave function in coordinate space,’ 
—2.85112 a.u. 

1 Svartholm, thesis, Lund (1945) 

2 McWeeney and Coulson, Proc. Phys. Soc. (London) A62, 509 (1949). 


3H. Preuss, Conference on Molecular Quantum Mechanics, University 
of Colorado, June, 1959. 
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L4. Second-Order Perturbation Energy of the Two- 
Electron Atom. CHARLES W. ScHERR, The University of 
Texas.—The conventional second-order perturbation energy, 
e, for the ground state of the helium atom isoelectronic 
series is obtained by a direct summation (integration over 
the continuum) of 2Ho,2/AE where the Ho, are the electron 
interaction integrals between the zero-order perturbation 
wave function Wo( 1s?) and the terms of the first order perturba- 
tion wave function, W;. It is believed that the entire contribu- 
tion from the terms in ¥; corresponding to doubly bound 
states (40.0%), singly ionized states composed from /=0 and 
1 (40.8%) and the s-type doubly ionized states (10.5%) have 
been obtained. These account for over 91% of €2, leaving the 
remaining portion to come from doubly ionized states con- 
structed from higher / values. Both the exact and the 
asymptotic formulas for all the integrals evaluated are 
presented. 


LS. Calculated Electronic Energies of He-H.* J. C. 
BROWNE AND F. A. MatsEN, University of Texas.—The total 
energy of He-H was computed from a wave function of 
the following structures: 
(15te- 
Here the parenthesis indicate a Slater determinant, the 
hyphen indicates spin pairing and the Is, 1s’, etc., are Slater 
orbitals. The orbital exponents were optimized for R=5 and 
R=3 atomic units. Interaction energies, E(R)-E(«), were 
computed for all three R's. The values of E( R)-E( ©) obtained 
were: +0.0008 a.u. (R=5), +0.0185 a.u. (R=3) and +0.0894 
a.u. (R=2). The total wave function is analyzed in terms of 
its component structures by means of the so-called “structure 
projections.”” The oscillator strengths for the first two elec- 
tronic transitions of He-H were computed for all three R’s. 

* This research was supported by the Robert A. Weich Foundation of 
Houston, Texas, and the Office of Ordnance Research, U. S. Army. 

L6. Open-Shell Calculation for the Ground State of the 
Helium-Hydride Ion.* O. Piatas, P. N. Reacan, J. D. 
StuarT, AND F. A. MatTsen, University of Texas.—The 
electronic energy of HeH* has been calculated from the 
wave function 


W =Dyy,(1s1s’) 


where h is 1s centered on the hydrogen atom and the remaining 
orbitals are centered on helium. All orbital exponents were 
optimized for 9 internuclear separations. The energy at the 
minimum (R=1.446 a.u.) is —2.9470 a.u. compared to 
— 2.9733 a.u. obtained by Evett' with a James and Coolidge 
function. The structure projection of W is presented as a 
function of distance. 

* This research was supported by the Robert A. Welch Foundation of 
Houston, Texas, and the Office of Ordnance Research, U. S. Army. 

1 Arthur A. Evett, J. Chem. Phys. 24, 150 (1956). Earlier work on this 
type of function was carried out by S. Toh, Proc. Phys. Math. Soc. Japan 
22, 119 (1940). 

L7. Extrapolated Electronic Energies of Atomic Ions.* 
J. N. SILVERMAN AND F. A. Matsen, University of Texas.— 
The previously reported extrapolation procedures! for obtain- 
ing estimates of total electronic energies and electron affinities 
of atomic ions not experimentally measured have been 
improved and extended. Since the electronic energy varies 
rapidly with atomic number in an isoelectronic atomic series, 
the experimental quantities themselves are not extrapolated 
as a function of nuclear charge but rather the differences or 
ratios of energies obtained from experiment and from accurate 
calculations with approximate wave functions. The differences 
and ratios are much more slowly varying quantities. Various 
extrapolation functions suggested by the known behavior of 
He-like ions have been employed which in addition to re- 
producing the energy curves at the lower end of the series 
also introduce relativistic corrections for larger nuclear 
charge. Several isoelectronic series have been investigated 
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using numerical results from various approximate wave 
functions. A number of gaps in existing experimental data 
have been filled and several electron affinities have been 
predicted. 

* This research was supported by the Robert A. Welch Foundation of 


Houston, Texas, and the Office of Ordnance Research, U. S. Army. 
1 Silverman, Platas, and Matsen, J. Chem. Phys. (to be published). 


L8. Transition Probability with Dipole and Quadrupole 
Radiations of Diatomic Molecules. Micuiko SAKAMOTO, 
University of Oklahoma.—A table of molecular integrals for 
calculating the dipole and quadrupole moments of diatomic 
molecules has been prepared. From this table the transition 
moments of NO, No, and CO, etc., are calculated using the 
molecular wave functions in terms of linear combinations of 
Slater type atomic orbitals. The agreement between the 
calculated and experimental results is satisfactory, the 
maximum deviation being 30%. This numerical table will be 
published in the near future. 


L9. The b,, Methylene Wagging and Twisting Funda- 
mentals in Crystalline Polyethylene.* J. Rup NIELSEN AND 
R. F. HoLLtanp, University of Oklahoma.—lIt is shown that 
the infrared band at 1368 cm, previously assigned as the 
b}, methylene wagging mode in crystalline polyethylene, is 
caused by the amorphous phase and that the bands observed 
at 1368 and 1370 cm™ in crystalline n-CssH74 and n-CysHo, 
respectively, must be ascribed to symmetrical methyl deforma- 
tion. The possibility that the b,, methylene wagging funda- 
mental is masked by the methylene deformation bands is 
discussed and discarded. It is concluded that the 5;, methylene 
wagging fundamental must be identified with the very weak, 
parallel band at 1176 cm™, and some support is given for 
this assignment. It is suggested that the parallel band at 
1050 cm~! is caused by methylene twisting rendered infrared- 
active by interchain coupling. 

* This work has been supported by a grant from the National Science 
Foundation. 


L10. Vibrational Spectra of 1,2-Difluoroethane.* Prrer 
KLABOE AND J. Rup NIELSEN, University of Oklahoma.—The 
infrared spectra of gaseous, liquid and solid CH,F-CH2F have 
been obtained with a double-pass spectrometer equipped with 
CsBr, NaCl, and LiF prisms. The infrared spectrum of the 
gas has been recorded at five different temperatures between 
25° and 180°C, and some of the infrared bands have been 
studied in solution in solvents of different polarities. The 
Raman spectrum of the liquid at —25° and 35°C has been 
photographed with a 3-prism glass spectrograph, and polariza- 
tion measurements have been made. In all three states of 
aggregation the compound exists as a mixture of rotational 
isomers. The two isomeric forms (trans and gauche) are about 
equally stable in the gas, while the gauche configuration is 
more stable in the liquid state. With some uncertainties, 
assignments of fundamentals have been made for both isomers. 


* This work has been supported by the U. S. Atomic Energy Commission. 


Electronic Structure and Hyperfine Interaction 
Constants of NO Molecule.* K. Hijikata, C. C. Lin, AND 
M. Sakamoto, University of Oklahoma.—The coupling con- 
stants of the magnetic hyperfine interaction and the electric 
quadrupole coupling in nitric oxide molecule have been 
calculated from the self-consistent field molecular orbitals 
formed by linear combination of atomic orbitals. The cal- 
culated values of the nuclear spin-orbit and dipole-dipole 
interaction constants agree reasonably well with the experi- 
mental results. The Fermi contact term (|¥(0)|?) for the 
ground state is zero in contrast with experiment, but a small 
amount of configuration mixing may account for this dis- 
crepancy. The relations of these constants to the electronic 
structure of the molecule will be discussed. 


* Supported by the Air Force Cambridge Research Center. 


M1. Polarization of Protons Scattered from C”.* T. A. 
TOMBRELLO, R. BARLOUTAUD, AND G. C. Puitirps, The Rice 
Institute-—The polarization of protons elastically scattered 
from carbon in the energy region between 4.65 and 5.0 Mev 
has been measured by double scattering from carbon targets. 
These results, together with the findings at Harwell by Evans 
and Grace,! show that the polarizations predicted from the 
phase shift analysis are somewhat in error.?* This disagree- 
ment may be explained by making small changes in the 
splitting of the P- and D-wave phase shifts without seriously 
affecting the fit to the angular distributions. It was found 
that in the energy range from 3.0 to 4.0 Mev the D-wave 
phases required from 1° to 4° additional splitting, while in 
the range from 4.0 to 5.0 Mev the splitting of the P-wave 
phases had to be reduced by 4°. A revised contour map of 
spin polarization versus energy and angle will be presented 
along with a revised set of phase shifts. 

* Supported by the U. S. Atomic Energy Commission. 

1 Evans and Grace, Phys. Rev. Letters (to be published), and private 
communication, 


? Reich, Phillips, and Russell, Phys. Rev. 104, 143 (1956). 
4G. C. Phillips and P. D. Miller, Phys. Rev. 115, 1268 (1959). 


M2. Elastic Scattering of Alpha Particles from C™.* R. L. 
STEELE AND J. R. Risser, The Rice Institute-—The differential 
cross sections for the elastic scattering of alpha particles by 
C8 have been measured at four center of mass angles for 
alpha-particle energies from 2.5 to 5.5 Mev. Thin self-support- 
ing foils of carbon enriched to 37% C™ were used. Of the 
resonances known from the C!¥(a,n)O"* reaction! those at 2.78, 
2.82, 3.33, 3.42, 3.67, 3.73, 4.12, 4.42, 4.75, and 5.05 Mev are 
observed in the elastic scattering. The fact that the remaining 
states do not appear in the elastic data is probably due to 
their small alpha partial widths, and to statistics involved 
in subtracting the C” contribution to the scattering. Analysis 
of these data using the dispersion theory form of the scattering 
matrix is now in progress. 


* Supported by the U. S. Atomic Energy Commissio 
1 Bonner, Kraus, Marion, and Schiffer, Phys. Rev. 82, 1348 (1956). 


M3. Excited States in N'‘ from the Scattering of Protons 
by C%.* E. Kasny, R. R. Perry, anp J. R. Risser, The Rice 
Institute—Excited states in the N'™ nucleus have been 
observed by measuring the differential elastic scattering cross 
section of C*(p,p)C® for proton energies from 2.6 to 4.5 Mev. 
Resonances were observed at proton energies of 2.734, 2.86, 
3.090, 3.19, 3.78, 3.970, 4.04, and 4.14 Mev, corresponding to 
excited states in N™ at 10.084, 10.20, 10.415, 10.51, 11.05, 
11.232, 11.29, and 11.39 Mev. Scattering matrix analysis of 
states at 10.084, 10.20, 10.415, 10.51, and 11.232 Mev in- 
dicates assignments of 2+, 1—, 2+, 1—, and 3— for these 
states. Analysis of previously published C"(p,p)C™ data at 
lower energies confirms the assignments of 1—, 0+, 0-, 
3—, and 1+ for the states at 8.05, 8.61, 8.75, 8.90, and 8.98 
Mev. Investigation of the y rays from the C'*(p,7)N"™ re- 
action at 1.748 Mev showed that the excited state at 9.169 
Mev has a width of 0.5+0.1 kev. 


* Supported by the U. S. Atomic Energy Commission. 
M4. Elastic Scattering of 1-Mev Protons from Mg”.* 


F. W. Prosser, Jr., AND F. B. SELLERs,f University of 
Kansas.—The differential cross section for the elastic scatter- 
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ing of protons from Mg** was measured at several resonances 
in the vicinity of 1 Mev,! using a large transmission magnetic 
spectrometer recently constructed at the University of 
Kansas. The spectrometer was designed primarily for 
angular distribution and correlation measurements with a 
theoretical maximum transmission of 0.00086 and minimum 
momentum resolution of 135. Its use in the present experi- 
ment allowed the use of thin MgO targets, enriched to 94% 
Mg*5,? evaporated onto carbon backings. The cross sections 
for the resonances at 0.986 Mev, 1.084 Mev, and 1.148 Mev 
were observed at laboratory angles of 0.90°, 109.9°, 125.3°, 
and 140.0°. Preliminary analysis of the data indicates that 
the spin and parity assignments and total widths are, 
respectively, 2—(3.8 kev), 2-(2.4 kev) or 3-(1.7 kev), and 
1-(1.9 kev). The resonances reported! at 0.929 Mev, 0.957 
Mev, 1.045 Mev, 1.100 Mev, 1.196 Mev, 1.241 Mev, and 
1.288 Mev were searched for at one or more of the preceding 
angles, but, with the exception of the resonance at 1.241 Mev, 
no structure was observed. 

* This work was supported in part by the U. S. Atomic Energy 


Commission. 
+ Now at as Research Associates, Boston, Massachusetts. 


(sss) Barjon, M. Lambert, and J. Schmouker, J. phys. radium 19, 47 
1 
aan enriched Mg*O was obtained from the Stable Isotopes Division 


Oak Ridge National Laboratory. 


MS. Excited States in P® from the Scattering of Protons 
by Si**.* T. A. Betore, E. Kasuy, J. R. Risser, The 
Rice Institute-——The differential cross section for the elastic 
scattering of protons by Si?* has been measured at @.m = 165°, 
125°, 90°, and 39° with bombarding energies ranging from 
2.0 to 5.0 Mev. The targets for the elastic scattering were 
thin self-supporting Si foils of the order 30 yg/cm? thick. 
Anomalies in the elastic scattering were observed at E,1> 
=2.08, 2.89, 3.09, 3.33, 3.55, 3.73, 3.98, 4.23, 4.36, and 3.88 
Mev. Scattering matrix analysis confirms the previously 
reported 4+ assignment at 2.08 Mev! and indicates assign- 
ments of (3*), #, ¥, 4°, 3°, 3°, and respectively, 
for the remaining states. Data on the inelastically scattered 
protons have also been taken using thin self-supporting 
foils of SiO. 


* Supported by the U. S. Atomic Energy Commission. 
965 (950) Malakhov, Sorokin, and Taranov, Soviet Phys. Uspekhi 22, 
1958). 


M6. Elastic Scattering of Protons by Fe*‘.* R. R. Perry 
AND C. M. Crass, The Rice Institute-—States in Co® lying 
in the interval of excitation energy between 7.0 and 9.8 Mev 
have been studied by elastically scattering protons from Fe™ 
at bombarding energies between 2.0 and 4.8 Mev. The 
scattered protons were observed at 90°, 125°, and 150° to 
the beam by means of a CsI crystal spectrometer. From an 
analysis of the shapes of the resonances observed for the 
scattered protons, it was possible to assign the energies and 
l values of the protons forming 90 states. The / values of the 
states are distributed as follows: 26; 1/=1, 22; 1=2, 42. 
The penetrability of 1=0 protons is approximately ten times 
that of 1/=2 protons in this energy range. Of the /=2 elastic 
resonances, 33 occur in the energy interval studied by inelastic 
scattering.! Of these, 26 have associated inelastic resonances 
for which spin assignments have been made on the basis of 
y-ray angular distribution measurements. The elastic data 
confirm an assignment of §* to 22 of these resonances and }* 
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to 4. The preponderance of d-($*) compound states tends to 
support the suggestion of a d-wave optical model resonance 
in this region of mass values.? 

* Supported by the U. S. Atomic Energy Commission. 


1 Prosser, Davis, and Class, Phys. Rev. (to be published). 
2 J. P. Schiffer and L. L. Lee, Jr., Phys. Rev. 109, 2098 (1959). 


M7. Conversion Electrons from Proton Bombardment of 
Zinc Isotopes.* D. H. Rester, F. E. Durnam, anp C. M. 
Crass, The Rice Institute-—The internal conversion electrons 
from proton bombardment of targets enriched in zinc isotopes 
67, 68, and 70 have been observed with a 180° magnetic 
spectrometer. Proton energies used were between 3 and 5.5 
Mev, exceeding the threshold for the Zn(p,n)Ga reaction for 
the isotope under consideration. Transitions were observed 
from a Zn® target at 94, 166, 185, and 356 kev. The 94- and 
185-kev transitions correspond to the first two excited states 
in Zn*’, populated by the (,p’) reaction.! The 166- and 356- 
kev transitions are assigned as states in Ga’*, This assignment 
is in agreement with previous reports.?* Transitions in Ga® 
at a bombarding energy of 4.80 Mev occur at 118, 174, 199, 
316, 333, and 368 kev, with evidence for higher energy 
transitions. Bombardment of a Zn™ target with 3.65-Mev 
protons revealed only a 188-kev transition in the range of 
electron energies between 50 and 760 kev. 

* Supported by the U. S. Atomic Energy Commission. 
as DuMond, Gordon, Jopson, and Mark, Phys. Rev. 


?R. A. Ricci and R. van Lieshout, Nuovo cimento 4, 1592 (1956). 
3 R. A. Chapman and J. S. Slattery, Phys. Rev. 105, 633 (1957). 
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M8. Evaporation Neutron Spectra from (p,n) Reactions.* 
RicHarD L. BRAMBLETT AND T. W. BONNER, The Rice 
Institute—A new type of neutron spectrometer! has been 
used to compare neutron spectra from (p,m) reactions in 
several medium weight nuclei with Weisskopf evaporation 
theory. The method is very sensitive to the shape of the 
spectrum below 0.5 Mev, and allows the determination of the 
exponent, k, and the nuclear temperature T in the expression, 
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E* exp(—E/T), for the neutron spectrum. Using a proton 
bombarding energy of 5.30 Mev at the center of the target, 
measurements have been made on Sb™, Sn™, In"5, 
Cd"™4, Ag, Rh, Nb%*, and Co. The isotopically enriched 
targets were about 300-kev thick to the incident protons. At 
5.30 Mev the neutron spectrum from In"® fits evaporation 
theory (k=1) with T equal to 0.517+0.006 Mev. The 
angular distribution of neutrons from In"™* was found to be 
isotropic to within +4%. The isotropy and the fit to evapora- 
tion theory are taken as strong evidence that there is very 
little direct interaction in this case. Results for the remaining 
isotopes will be presented. 
* Supported by the U. S. Atomic tm 4 Commission. 


1R. L. Bramblett, 2 5. Ewing, and T. W. Bonner, Bull. Am. Phys. Soc. 
Ser. II, 4, 100 (1959). 


M9. Disintegration of O” by Fast Neutrons.* D. M. 
Wor ey, Jr., R. Bass, T. W. Bonner, E. A. Davis, AND 
F. Gasparp, The Rice Institute-—A grid type ionization 
chamber filled with a mixture of CO, and argon was used to 
study the disintegration of O'8 by neutrons. Neutrons with 
energies of 5.03 to 8.75 Mev were obtained from the D(d,n) 
reaction with resolution of about 70 kev. Resonances were 
observed at neutron energies of 5.06, 5.13, 5.32, 5.69, 5.93, 
6.09, 6.24, 6.42, 6.58, 6.84, 7.06, 7.22, 7.33, 7.58, 7.88, 8.22, 
8.37, and 8.61 Mev. Levels in O" corresponding to the first 
eight of these resonances have been observed in the inverse 
reaction C!¥(a,)O*.! Within this energy range the total (n,a) 
cross section varied from a maximum of about 280 mb at 
7.22 Mev to less than 3 mb in the region between 5.45 and 
5.57 Mev. Disintegrations proceeding to the first three 
excited states of C were observed, beginning at about 7.0 
Mev, but the combined cross section for these only becomes 
comparable to that of the ground state group at energies 
above 8.5 Mev. Work is continuing at higher energies using 
neutrons from the N'*(d,n) and N!5(d,n) reactions. 


* Supported by the U. S. Atomic Energy Commission 
1 Bonner, Kraus, Marion, and Schiffer, Phys. Rev. 102, 1348 (1956). 
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Nl. Radiative Proton Capture in O".* Joun W. NELsont 
AND Emmett L. Hupspetn, The University of Texas.—The 
excitation function for radiative proton capture in O'* has 
been observed in the interval E,=1.6 to 2.9 Mev. Thin O' 
targets were prepared by induction heating of 0.025-in. 
zirconium in the presence of water vapor enriched 85% in 
O'*, The gamma-rays from the reaction were observed at 0° 
with a 3-in. X3-in. Nal crystal. Twenty resonances were 
found in this region, with indications for additional weaker 
resonances. Many, but not all, of these correspond to 
resonances observed in the competing p,a reaction.! By use 
we have investigated the 
gamma-ray decay schemes for levels excited at E, =630, 849, 
1399, 1668, 1767, 1927, and 2260 kev; the existence of these 
resonances has been established From the 
coincidence data, qualitative and quantitative conclusions 
are drawn regarding the decay of these levels to the ground 


of a slow coincidence technique, 


previously.? 


triplet and the first excited triplet of F. The results will be 
discussed in the light of certain theoretical predictions.® 

* Assisted by the U. S. Atomic Energy Commission. 

t+ Now at Florida State University. 

'H. A. Hill and J. M. Blair, Phys. Rev. 104, 198 (1956). 

2J. W. Butler and H. D. Holmgren, Phys. Rev. 99, 1649(A) (1955); 
and «> ate communication from Dr. Butler. 

. Elliott and B. H. Flowers, Proc. Roy. Soc. (London) A229, 536 


N2. (n,He*) Reaction of Medium Weight Nuclei Induced 
by 14.8-Mev Neutrons.* A. D. PouLariKas, I. KuMABE,f 
I. L. Preiss, D. G. GARDNER, R. W. Fink, AND S. UMEmorTo, 
University of Arkansas.—Activation of the following pure 
monoisotopic elements with 14.8-Mev neutrons gave rise to 
(n,He*) reactions as observed by measuring the radioactive 
products having the following measured half-lives and 
cross sections: Mn**(n,He*)V*, 240.3 min, 2-6 mb; 
Co®(n,He*)Mn*’, 1.75+0.2 min, 1-3 mb; 
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5.1+0.3 hr, 3-7 mb; and Rh" (n,He*)Te™, 15+3 min, 
1.5—3.5 mb. No measurable cross sections were found for the 
following reactions: Al?7(m,He*)Na*5, P#(m,He*)Al, and 
V"(n,He*)Sc®. Preliminary information concerning possible 
(n,He’) reactions on Cu®, Cu®, In™5, Zn*, and Nd™8 also 
has been obtained. In the cases where the (n,He*) products 
were observed, the possibility that activity arising from the 
activation of sample impurities influenced the gross decay 
was eliminated by considering the cross sections involved. 
The minimum impurity cross sections required to produce 
the observed activities would have had to have been of the 
order of one barn. In all cases this value is at least one order 
of magnitude larger than the known or anticipated values of 
possible sample impurities. The He* notation used here refers 
only to the product arising from the emission of two protons 
and one neutron, since we have not as yet shown that a He® 
particle as such is always emitted. 


* Supported in part by the U. S. Atomic Energy Commission. 
t Present address: Kyoto University, Japan. 


N3. Absolute Yields of Neutron Groups from Be®(a,n)C”.* 
THEO Retz-Scumipt, T. W. Bonner, Gutas Up DIN, AND 
JessE L. The Rice Institute-——The differential and 
total cross sections of the neutrons to the ground state, the 
4.433- and 7.656-Mev levels, in C”® have been investigated 
for alpha energies from 2 to 5.6 Mev, extending earlier 
measurements! on the first two groups of this reaction. Thin 
(30 wg/cm?) Be targets were bombarded with a particles from 
the Rice Institute 5.5 Mev Van de Graaff accelerator. The 
neutron detector was a high-efficiency stilbene scintillation 
counter in which, by applying the pulse shape discrimination 
technique, the y-ray background was eliminated. The excita- 
tion curves were taken at 0°, 90°, and 150° and complete 
angular distribution from 0° to 165° at numerous energies. 
The results enable us to estimate the ratio of the neutron 
populations of the 4.433- and 7.656-Mev levels, which has 
gained some interest after recent measurements on the ratio 
of the pair line intensities.? 

* the U. S. Atomic Commission 


1yR r, J. E. Price, and C. M. Class, Phys. Rev. 105, 1288 (1957). 
2D. E. yo toh Phys. Rev. Letters 3, 280 (1959). 


N4. Cross Section for the Be*(n,~)He® Reaction.* R. Bass, 
T. W. Bonner, AND H. P. HAENNI, The Rice Institute-—The 
cross section for the reaction Be®(n,«)He® was measured for 
neutron energies of 3.9 to 8.6 Mev. The deuteron beam from 
the Rice Institute 5.5-Mev Van de Graaff accelerator was 
electrostatically swept on and off a deuterium gas target at 
approximately 75-sec intervals producing bursts of neutrons 
from the D(d,n)He’ reaction. During the beam-off periods 
electrons from the beta decay of He® produced in a Be® 
sample were counted with a scintillation detector. A relative 
excitation curve was obtained using a thick Be® target with 
an energy resolution varying between 150 and 250 kev. The 
results were normalized to an absolute value of the cross 
section which was measured at E,=4.58 Mev using Be foils 
of thicknesses between 16.9 and 88.6 mg/cm*. The neutron 
flux was measured with a small plastic scintillator and agreed 
in each case within 3% or better with that calculated from 
the integrated beam charge and the known cross section of 
the D(d,n)He® reaction. The measured cross section for the 
Be®(n,a) He® reaction decreases monotonically with increasing 
neutron energy from 92 mb at E,=4.0 Mev to 38 mb at 
E,=6.5 Mev and 32 mb at E,=8.5 Mev and is in agreement 
with results reported for neutron energies below 4.4 Mev.! 


* fo by the U. S. Atomic Energy Commiss 
P. H. Stelson and E. C. Campbell, Phys. Rev. 108 mi282 (1957). 


N5. Excitation Study of C'4(d,n)N%.* E. BrieNnt 
AND Emmett L. Hupspetu, The University of Texas.—The 
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yield of ground-state neutrons from C(d,n)N' has been 
measured at 0° in the region Ez=0.9 to 2.5 Mev with a 
proton recoil spectrometer. C™ targets of thickness approxi- 
mately 0.17 mg/cm? were prepared by polymerization of 
acetylene which was enriched 10% in C*. The excitation 
function shows resonances at 1.3 and 2.45 Mev with a dis- 
torted resonance of about 2.0 Mev. The latter two correspond 
to excited states in N'® which were previously observed! in 
the competing C'(d,p)C'® reaction. (The resonance at 1.3 
Mev which was not observed in the proton work is very near 
the threshold for proton emission.) The average cross section 
for the C'*(d,n)N* reaction was found to vary from about 1 
to 7 mb/sr in the energy interval studied, averaging about 
5 mb/sr. Preliminary observations of angular distributions 
also have been made. Inasmuch as C™ targets of enrichment 
up to 70% now can be made, the C"(d,n)N** reaction should, 
for certain investigations, be a suitable source of neutrons of 
energy between approximately 8.7 and 10.5 Mev or more; 
this region is at present difficult to reach by other reactions. 


* Assisted by the U. S. Atomic Energy Commission. 
1 Douglas, Gasten, and Mukerji, Can. J. Phys. 34, 1097 (1956). 


N6. Disintegration of A*® and A*® by Fast Neutrons.* 
E. A. Davis, R. Bass, T. W. BONNER, AND D. M. WorLEY, Jr., 
The Rice Institute—A grid ionization chamber filled with com- 
mercial grade argon has been used to measure the (m,a) and 
(n,p) cross sections in A** and the (,a) cross section in A® 
for neutron energies between 1.32 and 8.94 Mev. In A*, 
groups of a particles are observed corresponding to dis- 
integrations to the ground and first six excited states in S®. 
The cross section for the ground state group is 3.5 mb at a 
neutron energy of 1.32 Mev and 126 mb at 4.52 Mev, while 
that for the first excited state group is 1 mb at 1.98 Mev and 
37 mb at 4.52 Mev. Groups of a particles to higher excited 
states become important at about 4.7 Mev and contribute 
80 mb at 8.94 Mev where the ground and first excited state 
group contribute a total of 16 mb. Groups of protons are 
observed corresponding to disintegrations to the ground and 
the first three excited states of Cl**. The cross sections for 
these groups are 103 mb, 50 mb, 31 mb, and 21 mb, respec- 
tively, at a neutron energy of 3.50 Mev. In A®, groups of a 
particles are observed corresponding to disintegrations to the 
ground and first four levels of S*? at 0.69+0.05, 1.38+0.05, 
2.340.1, and 2.94+0.1 Mev. The ground state Q value is 
—2.5+0.1 Mev. The cross section for the ground state group 
is 0.02 mb at 5.75 Mev and 3.15 mb at 8.94 Mev. 


* Supported by the U. S. Atomic Energy Commission. 


N7. Evidence for Beta- and Gamma-Vibrational States in 
Th**,* F. E. Durnam, D. H. Rester, C. M. Crass, The 
Rice Institute—The puzzling discrepancy between the 
results obtained by measuring the gamma rays and the 
internal conversion electrons from a level presumably at 790 
kev in Coulomb excited Th! has been removed by a re- 
measurement of the conversion electron spectrum using 
improved resolution. In addition to the previously reported 
strong 723-kev transition,! a weak transition is observed at 
740 kev. The K/L ratio of 4.7 of the former transition supports 
the assumption that it is a monopole transition from a 2* 
beta-vibrational state at 773 kev to the 2* 50-kev first 
excited state. The observed electron intensity of the 740-kev 
transition agrees with that expected on the basis of the 
B(E2) value and E2-M1 mixing ratio obtained from the 
gamma-ray measurements’; it is identified as a transition 
between a 2+ gamma-vibrational state at 790 kev and the 
first excited state.2 Monopole enhancement of this transition 
is forbidden by the K-selection rule. 

* Supported by the U. S. Atomic Energy Commission. 

1D. H. Rester, F. E. Durham, and C. M. Class, Bull. Am. Phys. Soc. 


Ser. II, 4, 98 (1959). 
2F, K. M . Paper given at the Paris Conference (1958). 
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Pl. Paramagnetic Resonance of Mn** Ions in Ice.* Fanp 
Waki AND A. W. NOoLLe, University of Texas.—The para- 
magnetic resonance absorption spectrum is observed for Mn*t 
ions in ice at the temperature of liquid nitrogen. A fixed- 
frequency microwave spectrometer is used, operating at 9.4 
kMc. The absorption curve is nearly symmetrical, with a 
width of 760 oe between the extremes of the derivative. The 
center occurs approximately 35 oe below the magnetic field 
corresponding to the average of the central two hyperfine 
components for Mn** ions in water. On the assumption that 
the Mn** ion in ice is surrounded by an octahedron of water 
molecules, the absorption curve should be predictable through 
space averaging the results for a single crystal having this 
configuration. A numerical calculation, based on the observa- 
tions of Bleaney and Ingram for MnSiF.-6H,O, shows that 
this procedure gives a good approximation to the result. 
Other experimental results are shown for Cu** ions and 
complexes in ice, all of which give unsymmetrical absorption 
curves. 


* Assisted by the Office of Naval _—— 
1 Bleaney and Ingram, Proc. Roy. Soc. . (London) A205, 336 (1951). 


P2. Nuclear Magnetic Relaxation in Ionic Crystals at 
Elevated Temperatures.* P. P. MAHENDROO AND A. W. 
NOLLE, University of Texas.—The nuclear magnetic spin- 
lattice relaxation time (7,) has been measured in single 
crystals of NaCl, NaF, BaF», and LiF, from room temperature 
to 500°C. A magnetic recovery method is used, the magneti- 
zation being indicated by the induction signal following a 
“90° pulse.’’ For *Na ions, the nuclear 7; in appropriate 
temperature ranges is consistent with the quadrupolar 
relaxation theory of Van Kranendonk.' However, above 375°, 
T, is independent of temperature for both “Na and ¥F in 
NaF, suggesting that spin diffusion becomes dominant. A 
rapid decrease in 7; for *F in NaF, between 210° and 300°C, 
can be explained by vacancy diffusion. For “F in BaF, a 
steady decrease of 7; with increasing temperature is also 
tentatively ascribed to diffusion. 


* Assisted by the Office of Naval Research. 
Van Kranendonk, Physica 20, 781 (1954). 


P3. Nuclear Magnetic Resonance of Solid Hydrogen and 
Solid Deuterium.* Ropert M. HousLEy AND GEORGE W. 
SmitH, The Rice Institute-—Nuclear magnetic resonance 
studies on solid hydrogen (Hz) of ortho concentrations from 
67% to 86% and of solid deuterium (D2) with para concen- 
trations of 33% and 55% are reported. The method of 
Cunningham et al.! was used to produce the high concen- 
trations ortho H, and para D2. The temperature of rotational 
degeneracy in H: was found to shift to 2.18°K for 86% ortho 
as compared to a value of 1.6°K for the normal concentration. 
Our 7) vs concentration data were found to join smoothly to 
the previous lower concentration work of Sugawara et al. In 
addition an interesting hysteresis phenomenon was observed 
for Hz. It was noted that the temperature of appearance of 
the side peaks when the Hz is cooled is some 0.15°K lower 
than the temperature of their disappearance when the 
temperature is slowly raised. In the case of deuterium, no 
side peaks were observed for either 33% or 55% para Dz at 
temperatures down to 0.9°K. 7; was amet: roughly for 
the two concentrations. For n-De, T; was found to be 7.643 
sec. This compares well with the theoretical value of 8 sec 
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given by Moriya and Motizuki. For 55% para D2, a value 
of 31 sec was found. The theory of Moriya and Motizuki 
gives 5 sec. 


* Supported by the Robert A. Welch Foundation. 
1 Cunningham, Chapin, and Johnston, J. Am. Chem. Soc. 80, 2382 (1958). 


P4. Nuclear Relaxation Times in Liquid He*.* H. A. 
ScHWETTMAN, F. J. Low, anp H. E. Rorscuacu, JR., The 
Rice Institute—Measurements of the nuclear relaxation 
times 7, and T» in liquid He* have been made over the 
temperature interval 1.2 to 2.5°K. When the same sample 
chamber is used for several successive runs, then the values 
of T, exhibit a monotonic increase from one run to the next, 
reaching values in rough agreement with the data of Romer.! 
Measurements have been made in various sample chambers 
differing in diameter and material. The shortest relaxation 
times observed exhibit a temperature dependence of the sort 
reported by Garwin and Reich.* 7; has also been observed 
to decrease with time during the course of a single run. 
These effects might possibly be accounted for by the presence 
of oxygen. T; measurements yield values of about 30 sec, a 
factor of 10 less than that required by the Bloembergen, 
Purcell, and Pound theory. The values of T; are independent 
of the size of the sample chamber. 

* Supported by the Robert A. Welch F oo 


1R. H. Romer, Phys. Rev. 115, 1415 (1959 
?R. L. Garwin and H. A. Reich, Phys. ome “115, 1478 (1959). 


PS. Magnetic Cooling Studies on Single Crystals of Chrome 
Potassium Alum.* A. C. THorsen, The Rice Instute-—The 
static magnetic susceptibility of a sirgle crystal of 
CrK(SO,)2-12H,O has been studied as a function of entropy 
and crystal direction at temperatures below 1.0°K. Measure- 
ments were made with a moving coil apparatus in zero external 
field using a small (0.6 gauss) measuring field. Susceptibility 
versus entropy curves were established for various orientations 
of crystalline direction with respect to the measuring field. 
These curves are in agreement with other measurements made 
along a cubic axis by the ballistic method.1 The maximum 
value of the susceptibility occurs at an entropy of about 0.35R. 


by the Robert A. Welch Foundation. 
Beun, Miedema, and Steenland, Physica 23, 1 (1957). 


P6. Measurement of the Upper Limit of Resistivity of 
Superconducting Lead.* A. F. HimpEBRANDT AND D. D. 
ELLEMAN, California Institute of Technology.—Magnetic 
fields trapped in a superconducting lead cylindrical shell were 
measured as a function of time with a nuclear magnetic 
resonance probe. A trapped field of 125 gauss was found to 
have variations of less than 4 milligauss over a period of 18 hr. 
By using these data, it was calculated that the resistivity of 
superconducting lead is less than 8X10-*5 ohm-m. The 
previous upper limit was given as 10-* ohm-m by Grassmann.! 
Measurements of the configuration of the magnetic field will 
be discussed. 

* This work was sponsored by the National Aeronautics and Space 


Administration. 
Grassmann, Phys. Z. 37, 569 (1936). 


P7. Wall Corrections for the Drag Force on Spheres 
Falling at High Reynolds’ Numbers.* R. A. Lainc Anp H. E. 
RorscHacu, Jr., The Rice Institute—A number of spheres 
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of different radii and masses have been dropped in liquid 
helium 1 and 11, liquid air, ethyl acetate, and water. The 
terminal velocity of each sphere falling in the confined liquid 
was measured. When falling at constant velocity, the hydro- 
dynamic drag force D is equal to the weight of the sphere, 
and the drag coefficient Cp in the formula for the drag force 
D=Cp(4pt")A could be evaluated as a function of Reynolds’ 
number Nr=(pva/n) and ball radius a. In these formulas D 
is the drag force on a sphere of cross sectional area A, moving 
through a liquid of density p and viscosity 7 with a velocity v. 
The drag coefficient for spheres falling in an infinite liquid 
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has been measured by many observers and found to be a 
function only of the Reynolds’ number Ne. Our experiments 
were done in a cylinder of diam d; spheres have been used 
with radii such that 0.252a/d<0.5. By comparing our 
results for the drag coefficient Cp with the published values 
of the drag coefficient in an infinite liquid, Cp*,! a wall cor- 
rection factor K = Cp”/Cp has been determined as a function 
of Nrand 2a/d. At high Reynolds’ numbers helium 11 behaves 
as an ordinary fluid. 
* Supported by the National Science Foundation. 


1H. Rouse, Elementary Mechanics of Fluids (John Wiley & Sons, New 
York, 1946), p. 245. 
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Ql. Energy Spectrum of the Degenerate Bose-Einstein 
Gas.* S. Sunakawa, D. E. BILHORN, AND W. ToBocMAN, 
The Rice Institute—The excitation spectrum of a Bose- 
Einstein gas has been discussed by Lee, Huang, and Yang 
(LHY),! and by Brueckner and Sawada (BS).? Both LHY 
and BS base their work on the Bogolubov treatment,’ which 
predicts the following excitation spectrum near .7=0: 
E(k) ={T(k)[T(k) +NG(k) +NG( —k)]}*. T(R) is the kinetic 
energy of a particle with momentum k and G(k) is the Fourier 
transform of V(r), the particle-particle interaction potential. 
To evaluate G(k) BS approximate V(r) by the reaction 
matrix for a hard sphere while LHY replace the potential by 
the hard sphere pseudopotential. The LHY approach gives 
only the phonon part of E(k) while the BS method gives the 
roton part as well. We find that we can essentially duplicate 
the BS result by using a potential V(r) =(h*/ma)i(r—a) 
instead of a reaction matrix. We are investigating the. possi- 
bility of getting an improved fit to the Landau excitation 
spectrum for He‘ by using more realistic forms for V(r). 

* on se by the U. S. Atomic Energy Commission. 

K. Huang, Yang, Phys. Rev. 106, 1135 (1957). 

: K. A. Brueckner and K. Sawada, Phys. Rev. 106, 1128 (1957). 


3N.N. Bogolubov, J. Phys. U.S.S.R. 11, 23 (1947); V. M. Eleonskii and 
P. S. Zyrianov, Shur, Eksptl. i. Theoret. Fiz. 34, 770 (1958). 


Q2. Coulomb Excitation Integrals for No Energy Loss in 
the Relativistic Case.* Mary E. YounG Anp L. C. BIEDEN- 
HARN, The Rice Institute-—It is useful to discuss Coulomb 
excitation in the limiting case of zero energy loss, since not 
only are the relevant integrals over the Coulomb wave 
functions elementary in this limit, but the results of the 
evaluation contain most of the essential features of the 
physically interesting finite energy loss case.? The simplicity 
of zero energy loss extends also to the situation where Dirac 
Coulomb wavefunctions are involved, and formulas for the 
relevant multipole integrals‘have been developed in close 
analogy to the results of reference 1. These results furnish a 
technique for examining in detail the effects of relativity, 
combined with large Coulomb fields; application to Coulomb 
excitation, including numerical results, will be discussed. 


* Supported by the U. S. Atomic Energy Commission and the Research 


iedenharn and C. M. Class, Phys. Rev. 98, 692 (1955); & 
Biedenharn, J. ts —"s and R. M. Thaler, Phys. Rev. 100, 376 bas. 
2K. Alder, A. Bohr, T. Huus, B. Mottelson, and A. Winther, Revs. 
Modern Phys. 28, i? 1956); L. C. Biedenharn and R. M. Thaler, Phys. 
Rev. 104, 1643 (1956). 


Q3. Two-Body Cluster Model for the Nucleus Employing 
Coupled Schrédinger Equations.* G. C. Puitiips anp T. A. 


TOMBRELLO, The Rice Institute —A nuclear model is proposed 
in which two clusters of nucleons interact in a two-body 
manner and resonances of their relative motion are used to 
account for the stable and semistable states of the many-body 
system. Nuclear reactions are accounted for by employing 
coupled Schrédinger equations between ail channels, open 
and closed. The simple example of only two coupled channels 
will be considered in detail where the interactions are all 
chosen to be square wells of the same range. The cases of (1) 
both channels bound, (2) one channel bound and one channel 
open, and (3) both channels free, will be discussed. Numerical 
calculations will be presented and compared to experiment 
for the mass-13 system where the important channels at low 
energies are C™ (ground state)+nucleon and C! (2* state) 
+nucleon. 


* Supported by the U. 


Q4. Coulomb Effects in Beta Polarization.* R. C. Younc 
AND L. C. BrEDENHARN, The Rice Institute-—The longitudinal 
polarization of beta particles from unoriented nuclei can in 
principle serve as a test of noninvariance of beta decay under 
time reversal. This effect is largest for high Z, but here the 
usual formulas! (which assume low Z) cannot be expected to 
be accurate. To examine this point an essentially exact 
evaluation of beta polarization has been carried out numeri- 
cally. The results indicate that the effect of the higher cor- 
rections is less than 1%. To survey these results, approximate 
forms (but not involving the assumption that aZ<1) have 
been developed. This approach also shows that the polarization 
is given quite accurately by the usual low-Z formulas, even 
when the analogous formulas for the spectrum are seriously 
in error. The decay of RaE is exceptional, since there is 
strong cancellation between matrix elements; the effect of 
time reversal in this case will be reported. 


* Supported by the U. S. Atomic Energy Commissio 
1K, Alder, B. Stech, and A. Winther, Phys. Rev. 107, 728 (1957). 


S. Atomic Energy Commission. 


QS. Classical Electric Quadrupole Absorption. C. R. 
CrosBy AND J. S. LEVINGER, Louisiana State University.— 
The average integrated power absorption for a nonrelativistic 
harmonic oscillator in an electromagnetic field is independent 
of both the natural angular frequency and the amplitude of 
the particle oscillations. This result holds regardless of 
whether or not an average is performed over the relative 
phase differences between particle motion and field oscillations. 
The average integrated power absorption for an isotropic 
simple harmonic oscillator placed in a plane-wave radiation 
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field was calculated including retardation effects: i.e., inclusion 
of the spatial dependence of the electromagnetic wave, to 
order v/c*. The expression obtained for electric quadrupole 
absorption included two terms dependent on the natural 
angular frequency and amplitude of particle oscillation, and 
on the phases of the particle motions relative to field oscilla- 
tions. Taking the phases to give maximum value of quadrupole 
absorption yields results which are in exact agreement with 
quantum mechanical calculations.! Magnetic multipole absorp- 
tion was zero for the system considered. 


‘ in Levinger, M. L. Rustgi, and K. Okamoto, Phys. Rev. 106, 1191 
1957). 


Q6. Oscillator in a Magnetic Field.* Rosert 
SHEWELL, Tulane University—The equilibrium density 
matrix for an ensemble of anisotropic charged harmonic 
oscillators in a uniform magnetic field is evaluated in non- 
commuting phase space.! The partition function is found to 
be equivalent to that of a different anisotropic oscillator in 
zero field. By a limiting process the normalized density 
matrix yields the ground state wave function. Shift operators 
are used to generate other energy characteristic functions 
and to determine the energy levels. 


* Sup 
esearch. 
1 J. R. Shewell, Bull. Am. Phys. Soc. Ser. II, 4, 102 (1959). 


rted in part by a grant from the Tulane University Council on 
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Q7. Structure of Nucleons and Conservation Laws. J. M. 
Barnotay, Evanston, Illinois.—High energy electron scatter- 
ing experiments have been interpreted as evidence for the 
finite size of nucleons. The proposed model of elementary 
particles is based on the assumption that elementary particles 
are closed universes like our own, with smaller length and 
mass units. Embedded in a four-dimensional continuum, 
they become observable only when they intersect our space. 
Elementary particles and interactions between them require 
for their complete description four spatial coordinates. A 
smaller world intersecting our space from the “right” is a 
particle, from the “left” an antiparticle. All leptons correspond 
to the same oscillating cosmological solution, all baryons to 
the same static solution. All neutral particles are combinations 
of charged particles. The principal inability to distinguish 
between “right’’ and “left” sides of our three-dimensional 
space leads to the lepton and baryon conservation laws. 
Strong interactions are symmetrical with respect to the 
fourth dimension and manifest, therefore, parity conservation 
already in the usual three-dimensional description. Weak 
interactions are asymmetrical with respect to the fourth 
dimension and will obey parity conservation only if the fourth 
coordinate, i.e., particle to antiparticle change, is also con- 
sidered. The parity violation as discovered by Lee, Yang, and 
Wu is merely a consequence of an incomplete description of 
weak interactions. 


SATURDAY AFTERNOON AT 1:30 


Hamman Auditorium 


(R. G. FowLer presiding) 


Invited Papers on Plasma 


R1. Experiments on Plasma Flow into Vacuum Magnetic Fields. F. R. Scort, General Atomic. 


(30 min.) 


R2. Observations of Astrophysical Interest in a Hot Laboratory Plasma. F. L. Rise, Los Alamos 


Scientific Laboratory. (40 min.) 
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HE 1959 Summer Meeting in the East was 
held on the campus of Marquette University 
in Milwaukee on June 18-20. As neither the Secre- 
tary nor the Deputy Secretary could attend, 
Professor E. D. Berners, Chairman of the Local 
Committee, has kindly composed what follows. 

The programme included 61 contributed papers 
and 18 invited papers. Half of the latter were ar- 
ranged by the Division of Electron Physics. An 
unusual feature of the meeting was a symposium 
on The Nature of Physical “Knowledge.” 

Of the 280 who registered, about 135 attended the 
banquet of the Society on Friday evening. After- 
dinner speakers were P. W. Bridgman and A. 
Landé. The cocktail party preceding the banquet 
was generously provided by AC Spark Plug Com- 
pany, Electronics Division of General Motors. We 
are indebted to another well-known local industry 
for the Thursday evening programme: the Miller 
Brewing Company and the Schlitz Brewing Com- 
pany provided a guided tour and samples of their 
product. The ladies’ programme was arranged by 
Mrs. A. E. Elo, and it was reported that the visiting 
ladies were delighted by the arrangements. 


Elected to Membership June 20, 1959: Virgilio Acosta, 
Alfred A. Adomines, *Alex Anckonie, Louis E. Ashley, 
Faqir C. Auluck, Richard A. Baker, John P. Barbour, 
Sureyya Barkan, Joseph A. Barry, *William R. Baskett, 
Lloyd M. Bates, *Maurice J. Bazin, *Herbert S. Bennett, 
Edward G. Bilpuch, Seymour M. Blinder, Jan Blok, 
Vernon A. Bowers, *Harold C. Britt, Clayton D. Brown, 
Howard R. Brown, *Ludwig W. Bruch, *Howard C. Bryant, 
‘George B. Bunyard, Rudolph G. Carlson, Thomas D. Carr, 
Philip S. Carter, Jr., Joseph Cervik, Khosrow Chadan, 
*William A. Chambers, Clifford H. Champness, *Sunney I. 
Chan, Howard Chang, *Benjamin E. Chi, Kuldip P, Chopra, 
*Gerald P. Chotkevya, Yutze Chow, Kee W. Chun, Richard 
F. Collins, G. R. Cook, Marvin L. Coon, Jr., ‘Anthony J. 
Corio, N. James Coury, Samson A. Cox, *William A. Cramer, 
Walter P. Crossley, *Joseph E. Cuevas, James W. Curtis, 
Kent K. Curtis, *James T. Cushing, John R. Cuthill, 
Constance Dahinden, William R. Daniels, John L. Davies, 
George J. E. Dehney, *J. Kirk Dickens, *Robert Dietz, 
Bailey L. Donnally, Daniel G. Dow, "David S. Dunavan, 
Frank J. Dunn, *Richard D. Dworak, *Lowell Dworin, 
*Larry V. East, Michael J. Elkind, ‘Constantinos B. 
Emmanuel, *Arthur J. Enright, Edward R. Epp, Fried- 
rich Everling, L. M. Eyermann, Bruce M. Foreman, Jr., 
Thomas W. Forget, Eberhard G. Fritz, ‘Robert L. Fulton, 


P8, by W. H. Kelly and G. B. Beard. In line 4, instead of 
“4 counts per second per gram” read “0.13 counts per second 
per gram.” In line 6, instead of ‘‘2 X10" years’ read ‘*7 X10" 
years.” In line 7, instead of “0.9%” read ‘0.03%.” In line 10, 
instead of “presence of much” read “presence of this much.” 
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Errata Pertaining to Abstracts P8, T4, and U9 of the 1959 Milwaukee Meeting 
(Series II, Vol. 4, No. 5) 
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‘James R. Gaines, Joseph G. Gallagher, *Herald T. Gar- 
vey, *Richard A. Goldberg, Gerald F. Greenidge, Jr., Mil- 
burn B. Grier, *Joseph C. Hafele, Robert D. Hancock, 
James E. Hard castle, Charles F. Harding, *Marlin D. 
Harmony, *Ghazi Q. Hassoun, Thomas E. Hartman, *Sven 
R. Hartmann, *James C. Haslett, *Eugene D. Haug, James 
E. Hay, *Herbert D. Hendricks, L. Kermit Herndon, Ralph 
E. Hiatt, Fred L. Hirshfeld, Urs W. Hochstrasser, "Leland 
E. Holloway, Jr., *David E. Hopping, B. A. Howard, Jr., 
Eugene C. Huebschmann, Burton G. Humphrey, Jr., *J. 
Charles Ingraham, Michael S. Irudayam, Yasuo Ishida, 
Harold E. Jackson, Jr., Stanley K. Jernow, George D. Joanou, 
*Charles S. Johnson, Jr., *René R. Jonas, Robert T. Jones, 
Elliott L. Kamen, Manfred S. Kaminsky, Arthur L. Kaplan, 
*Thomas W. Karras, Irving Kaufman, *James C. Kemp, 
*Horst Kessemeier, Ruth F. Kilby, *Chong Oh Kim, Robert 
E. Kimball, George A. Klingler, *Peter K. Kloeppel, ‘Thomas 
R. Koehler, Hobart W. Kraner, *Ray W. LaBahn, Richard 
F. Lacey, W. J. Lange, *Andrew S. Lebor, Sumner Levine, 
Bernard H. List, James Litton, Jr., John F. Lontz, Sr., 
*John F. Lontz, II, *Robert J. Lontz, *Bernard W. Lovell, 
Claire E. Loscoe, Claus B. Ludwig, *Robert Lux, David L. 
Mack, James Mackey, *Jagadishwar Mahanty, *Fred Mannis, 
Phyrne Y. Marquess, Robert J. McIntyre, *P. Gary Mennitt, 
*Leonard H. Meyers, Donald H. Miller, Hisao Miyazawa, 
William M. Moellering, *Arnulfo Morales-Amado, *Jules W. 
Moskowitz, "Joseph A. Moyzis, Jr., Paul G. Murphy, Henry 
A. Musk, William B. McKnight, Norman N. McRee, Yoshio 
Nakai, *Yoshimasa Narahara, J. P. Neal, *Donald E. Neville, 
"Clair W. Nielson, Otohiko Nomoto, John H. Nuckolls, 
Leonard J. Nugent, Arthur S. Obermayer, *Goetz K. H. 
Oertel, “Gerald G. Ohlsen, Benjamin J. Patton, James J. 
Pearson, A. J. Penico, *F. Russell Petersen, Charles Pettus, 
*Robert J. Phelan, Jr., Oscar R. Platas, *Joel A. Polak, 
*Richard N. Porter, Maurice Potosky, *John F. Potter, 
*Darden Powers, Raymond R. Rantala, Jay A. Rashkin, 
*John D. Rehnberg, Richard B. Reinecke, *Peter M. Richards, 
Robert Rikmenspoel, *Edwin McKay Roberts, III, *D. Keith 
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Sarazin, *Leonard M. Scarfone, Donald J. Schmidt, *Charles 
L. Schreiber, William H. Schwarz, Tadashi Sekiguchi, 
Romas A. Shatas, *Thomas V. Sheehan, *Carl W. Shinners, 
Harry S. Schofer, Seymour Siegel, W. David Small, *Farren 
H. Smith, Joseph A. Smith, *Richard B. Sola, Mary T. Splann, 
Bernard Springer, *Fred E. Stafford, Donald F. Stein, George 
W. Sutton, Edward A. Sziklas, Herbert Y. Tada, *Hiroshi 
Taketani, Jayanti D. Teja, *William R. Thurman, *M. Tom 
Thomas, *Thomas A. Tombrella, Per-Arne Tove, *Geoffrey 
U. Uyehara, *Richard M. Vesper, "Edward A. Vrablik, 
Kikuo Wakino, Ralph C. Walker, Herbert A. Weakliem, 
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* Student. 


T4, by H. W. Kruse and A. W. Schardt. In line 2, instead of 
“Northrup,” read “Northrop.” In line 15, instead of ‘92 kev”’ 
read ‘192 kev.” 

U9, by J. J. Allport. In line 6, instead of “ Vo"’ read “wo.’’ In 
line 13, instead of ‘‘Vo"’ read “‘wo.” 
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MINUTES OF THE FALL MEETING OF THE NEW ENGLAND SECTION HELD AT THE 
QUARTERMASTER RESEARCH AND ENGINEERING CENTER, 
NaTIcK, MASSACHUSETTS, ON OCTOBER 31, 1959 


HE New England Section of the American 
Physical Society held its annual Fall Meeting 
on Saturday, October 31, at the Quartermaster 
Research and Engineering Center, Natick, Massa- 
chusetts. Arrangements for the meeting were 
handled by Dr. John M. Davies and Dr. Harold J. 
Hoge of the Center. There was a total registration 
of 110 persons. Eleven contributed research papers 
were presented at two concurrent morning sessions. 
The following officers were elected by the Section 
to serve until the next Fall Meeting: 


Chairman 

R. F. Kingsbury, Trinity College 
Vice-chairman 

H. H. Hall, University of New Hampshire 
Secretary-Treasurer 

P. J. Bray, Brown University 
Executive Committee 

David Park, Williams College 

R. F. Woodcock, American Optical Company 


Three invited papers were presented at the after- 
noon session. 

The Quartermaster Solar Furnace. EUGENE S. 
Cotton, Quartermaster Research and Engineering 
Center. 

Elementary Particles. ANATOLE M. SHAPIRO, 
Brown University. 

Controlled Thermonuclear Fusion. SANBORN C. 
Brown, MIT. 


J. Bray, Secretary-Treasurer 
New England Section 


1. Distribution of Ionization in Electron Irradiated Ma- 
terials. R. D. Cooper, Quartermaster Research and Engineering 
Command.—An extrapolation ion chamber has been designed 
and built to measure ionization as a function of depth in 
different materials. This instrument is unique in having a 
back plate which can be made of the material being studied, 
eliminating the necessity for backscattering corrections. 
Ionization measurements were made in aluminum, copper, 
glass, Mylar, and water, making use of monoenergetic electrons 
of 0.3, 0.5, 0.7, and 1.0 Mev. The extrapolation data were 
found to give inconsistent results because of the large increases 
in ionization per unit mass of air found at small chamber 
thicknesses. Since this effect was proportional to the radiation 
passing through the chamber, it appeared to be some sort of 
radiation stimulated emission from the chamber walls. The 
ionization distributions measured with a plate separation of 
40 mils are in general consistent with the theoretical results, 
giving points slightly above the theoretical curve just below 
the surface and slightly below at deeper penetrations. The 
practical ranges of the electrons determined in this experiment 
agree well with the values determined from the Feather 
formula. 


2. Gas-Viscosity Thermometer Based on the Wheatstone- 
Bridge Principle. H. J. HoGe, Quartermaster Research and 
Engineering Command.—The pressures at the two ends of a 


a capillary carrying a flow of m grams of gas per second 
satisfy the relation P,;?—P.2=2mrRZnT; wherein r is a 
geometrical resistance factor that for circular tubes is 8X/za‘, 
Z is a factor accounting for gas imperfections, and is gas 
viscosity. Four capillaries are connected in a Wheatstone- 
bridge arrangement, using a manometer in the galvanometer 
position. One “unknown” arm serves as a thermometer and 
one of the other arms has an adjustable geometrical resistance 
with which the bridge is balanced. It is not difficult to arrange 
conditions so that this adjustable resistance becomes a 
function only of the temperature of the unknown arm. A 
gas-viscosity thermometer employing a refractory capillary 
and helium gas, in principle at least, could be used over the 
entire range from below 1°K to the temperature where the 
capillary began to be subject to plastic deformation. The gas- 
viscosity thermometer might very well serve as a satisfactory 
secondary standard in the difficult region between 5° and 
15°K, and it has possibilities for the measurement of temper- 
ature above the range of the chromel-alumel thermocouple. 


3. Sudden Decreases in Cosmic-Ray Intensity.* J. A. Lock- 
WOOD AND J. H. Tratnor, University of New Hampshire.—Of 
the many large and rapid decreases in the cosmic-ray intensity 
observed during the past two years of enhanced solar activity, 
the decreases of July 11-17, 1959, and of February 11, 1958, 
are particularly interesting. During the Forbush decreases in 
July, 1959, the nucleonic component of the cosmic radiation 
at Mt. Washington, New Hampshire, was reduced for a few 
hours to approximately 60% of the intensity recorded in 1954, 
when the solar activity was a minimum. The intensity has 
remained depressed for several months since these events. A 
detailed analysis has been made of the decrease on February 
11, 1958, utilizing cosmic-ray data recorded by the IGY 
network of stations. The unusual rapidity of the decrease, 
which was followed by a transient temporary recovery, 
provides a critical test for existing solar-controlled modulating 
mechanisms. The main decrease, occurring practically 
simultaneously over the earth, was relatively energy in- 
sensitive. The subsequent temporary recovery appeared to 
be associated with a spatial anisotropy. 

* Supported by the Geophysical Research Directorate of the Air Force 


Cambridge Research and Development Command, and the U. S. National 
Committee for the IGY. 


4. Silicon-Carbide Surface Studies.* R. M. Oman, S. W. 
DUCKETT, AND J. A. Ditton, JR., Brown University.—In- 
vestigations of silicon-carbide surfaces following chemical 
treatments have been undertaken, and attempts have been 
made to correlate such properties as etching behavior, gross 
surface structure, oxygen adsorption mode, and electrical 
properties. The crystalline structure of this material is such 
that an asymmetry in atomic species exists on opposite 
principal planes. This results in a difference in the attack of 
sodium peroxide etchant on the opposite faces; one taking 
on a frosted appearance, and the other becoming relatively 
smooth with a number of hexagonal etch pits. For n-type 
samples previously studied in high-vacuum experiments, the 
sides which had tiie higher rates of oxygen adsorption were 
those which exhibited the hexagonal pits after etching. For 
the one p-type sample whose adsorption mode was known, 
the etching behavior was just the reverse. This was possibly 
due to the difference in impurity content between the n- and 
p-type crystals. Point-contact rectification measurements 
have been found to be quite sensitive to local irregularities in 
the distribution of impurities and also to surface treatment. 
There is some evidence to suggest that under certain conditions 
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an asymmetry exists in the rectification behavior on opposite 
faces. 


* This work is supported by the U. S. Air Force Cambridge Research 
Center, Air Research and Development Command, Bedford, Massachusetts. 


5. Latent Image Fading in Nuclear Emulsions. D. J. 
WILLIAMS AND F. E. STEIGERT, Yale University.—The mecha- 
nism of latent image fading has been investigated using 
Thorium C’ alpha particles in Ilford E-1 nuclear emulsions. 
The results indicate that the mean grain density along the 
alpha tracks is a complex exponential function of time. The 
“decay,” under conditions of room temperature and about 
70% humidity, can be resolved into two portions correspond- 
ing to half-lives of the order of 64 days and 50 days, respec- 
tively. The short half-life contribution may be interpreted 
as an indication of a ‘‘surface’’ development of the grain, 
while the long half-life would correspond to a “core” develop- 
ment. Comparison of different energy alpha particles further 
tends to show relatively more core development for higher 
specific ionization. 


6. Metal Ultra-High-Vacuum Systems from Ten Liters to 
One Hundred Thousand Liters. J. C. Simons, Jr., anv I. 
FarKass, National Research Corporation.—Oil diffusion pumps 
retain their pumping speed in the 10-7-10-* mm Hg range. 
Therefore, an oil diffusion pump-liquid nitrogen cold trap 
system can produce a pressure in the low 10° mm Hg range. 
The bake-out temperature necessary is only 150°-200°C. 
Seals for use in such systems are described. Different types 
of ultra-high-vacuum systems, built and operating, are 
discussed ; the largest system operating so far is 1000 liters. 


7. Man’s Thermal Balance in Warm Environments. A. I]. 
Woopcock, Quartermaster Research and Engineering Command. 
—A theoretical analysis of the factors influencing stress in 
warm and hot environments is developed using physical 
equations of heat and moisture transfer. Two different 
situations are considered, the first where all sweat is evapor- 
ated and cooling limited by sweat secretion, and the second 
with the skin wet where cooling is limited by the amount of 
sweat which can be evaporated. In the former case, stress is 
a function of dry-bulb temperature alone and depends on the 
amount of sweat secreted, which may vary considerably 
among individuals. In the latter case, tolerance is shown to 
be mainly dependent on wet-bulb temperature and depends 
on the vapor pressure of wet skin, which does not vary much, 
giving rise to critical dependence of tolerance on wet-bulb 
temperature. Consideration is also given to the practical case 
of complete evaporation from some areas of the skin and 
incomplete evaporation from others. Graphical presentation 
is used to demonstrate the separate and combined effects of 
various environmental factors and to indicate how clothing 
alters these effects. The theoretical results are shown to 
agree with the experimental findings of others. 


8. Electromagnetic Fields and Potentials of a Charge and 
Medium in Relative Motion.* L. Dies—eNpRucK, University of 
Rhode Island.—Using Maxwell's Equations and Minkowski’s 
Constitutive Equations for a uniformly moving isotropic 
medium, the electromagnetic fields and potentials of a charge 
at rest and a medium moving with respect to an observer are 
obtained. It is found that D is radial while E is not and that 
H is zero while B is not. By means of Lorentz transformations 
the fields and potentials of a charge moving and medium at 
rest are obtained and compared with the vacuum case. It is 
found that for sub-optic relative velocities (less than the local 
light velocity) E and D are radial and concentrated in the 
equatorial plane as in the Heaviside Ellipsoid. For the super- 
optic relative velocities (greater than local light velocity) the 
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real fields are confined to a cone within the Cerenkov effect 
angle. The scalar and vector potentials of the sub-optic case 
are shown to be generalizations of the Leinard-Wiechert 
potentials for the vacuum case. Illustrations for the fields 
for the various cases are presented. 


* Supported in part by a grant from the National Science Foundation. 


9. Explanation of Maxwell’s Equations in Terms of Electro- 
magnetic Flows. W. R. MELLEN, Lowell Technological Insti- 
tute.—The primary constituent of the universe is assumed to 
be similar to Poynting’s vector as composed in a plane wave 
in free space. Empty space is then a region where there is a 
completely random flow of these special Poynting vectors. 
Static electric fields are produced by equal flows in opposite 
directions such that the electric fields add and the magnetic 
fields cancel. Similarly magnetic fields are produced when 
the magnetic fields of the flows add and the electric fields 
cancel. Faraday’s induction law and Ampere’s circuital law 
are derived by superimposing flows of the special Poynting 
vectors. It is further assumed that the Poynting vectors 
make up a fluid which is incompressible. A flow of the special 
Poynting vectors into a region is balanced by a flow out of a 
region. This restriction permits a vortex motion for the 
Poynting vectors as in an ordinary incompressible fluid, an 
electromagnetic vortex being one in which the flows of the 
Poynting vectors are around the axis of the vortex and the 
electric and magnetic fields are perpendicular to the direction 
of the flows. 


10. The Earth’s Effects on Precise Clocks. F. W. Lipps, JR., 
Melrose, Massachusetts.—The earth’s mass causes a gravi- 
tational effect on the rate of a clock whose maximum fractional 
amount is GMg/C*Rg=6.96X10-". Various parts of this 
term can be measured by rocket, mountain, and latitude 
spanning comparisons of precise clocks. 

For example suppose a rocket is launched from the equator 
and rises to its maximum height, h, in a time, 7, and returns 
to its launching site. This determines the initial velocity and 
gives the total time discrepancy developed between the 
rocket’s clock and the earth. Such an experiment makes the 
most altitude available but does not allow repeated observa- 
tion as does Singer's circular orbit.! 

In general the proper time ratio of a clock to its inertial 
value is given by 


dr/dt=1+(oP/C*) 


For a 10-km mountain this gives dr/dt21—10-" and it can 
be shown that the earth's rotation and oblateness cause a 
latitude effect whose maximum is of the same order.2 An 
accurate calculation of the latitude effect can be based on the 
observed gravitometer data. A line integral along the earth’s 
surface can be evaluated by approximating the angle between 
sea level and the gravitational equipotentials. The result is 
that (dr/dt) equator —(dr/dt) n. pole +0.64<10-". 


1S. F. Singer, Phys. Rev. 104, 11 (1956). 
20. C. de Beaureguard, J. phys. radium 18, 2 (1957). 


11. Information and Organization as the Language of the 
Operational Viewpoint. J. RorustEein, Edgerton, Germeshausen, 
and Grier.—lf physical concepts and quantities are defined by 
measurements and procedures, then natural languages are 
“metalanguages” in which operational language intrinsic to 
physics is embedded. We assert that information and organi- 
zation concepts! provide a language intrinsic to the operational 
viewpoint. Measuring or specification procedures present 
ensembles of possibilities (possible results of measurements, 
categories, values of specification parameters, etc.). Measure- 
ments or specifications select some subset; measurement is 
logically identical to communication (amount of information 
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transferred is reduction in logarithmic measure of the prior 
set of possible messages to that of the set compatible with 
the received signal). Physical Jaws are organization, coupling 
ensembles associated with distinct measuring procedures, 
thereby restricting the “product ensemble” (n-tuplet for 
coupled ensembles) to the subset compatible with the law. 
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These concepts seem minimal, for measurement and laws 
require at least this formal structure; maximal, since further 
a priori development requires specific physical assumptions; 
hence intrinsic to empirical operationalism. 


1 J. Rothstein, Communication, Organization, and Science (Falcon’s Wing 
Press, Indian Hills, Colorado, 1958). 


MINUTES OF THE MEETING OF THE 1959 AUTUMN MEETING OF THE 
NEw YorkK STATE SECTION 


NERGY conversion and science teaching— 
these were the topics presented and discussed 
at two symposia of invited papers held during the 
Fall Meeting of the New York State Section of the 
American Physical Society. About 160 physicists 
and fellow scientists gathered on October 30 and 31, 
in pleasant and hospitable academic surroundings 
at the University of Rochester, to hear a stimulating 
and informative programme of well-prepared papers 
on these subjects. 

The Friday symposium had for its theme 
““Modern Advances in the Useful Conversion of 
Energy.” Dr. David Douglas of General Electric 
outlined the history and principles of fuel cells, in 
which the chemical energy of a conventional fuel is 
converted directly and usefully into low-voltage dc 
electrical energy. In the ensuing discussion, led by 
Dr. George Evans of National Carbon, it developed 
that, while present cells will yield 0.8 to 1.15 volts, 
and hydrogen cells are widely used in special appli- 
cations, there are a ‘‘good many years”’ to technical 
feasibility of large-power, high-temperature cells. 

Dr. R. R. Heikes of Westinghouse, in describing 
the principles of thermoelectric converters, pointed 
out that the same figure of merit of a thermo- 
electric material is of interest for both power 
generation and refrigeration and is a function of 
thermal conductivity, resistivity, and the Seebeck 
coefficient. He discussed, in a well-organized pres- 
entation, the fundamental parameters in materials 
such as doped semiconductors upon which the 
macroscopic parameters depend. 

Converters relying upon radiant energy input 
received attention as Dr. Joe Loferski of RCA and 
Dr. Peter Glaser of A. D. Little discussed funda- 
mentals of the photovoltaic process and of arc or 
sun-imaging systems and applications, respectively. 

The General Electric work on thermionic con- 
verters was detailed by Dr. J. M. Houston, who 
described the various means for overcoming space 
change, particularly the use of cesium vapor for 
ionic neutralization in both low- and high-pressure 
designs. He observed that while efficiencies of 5 to 
8% are now achieved, in 1915 the efficiency was 
10-°%! 

Finally, University of Rochester biologists Pun- 
nett and Bannister deeply impressed their physicist 


friends with their analyses of plant photochemical 
processes that might eventually be employed in 
efficient utilization of solar energy. The close inter- 
play of the sciences was strikingly illustrated as 
they pointed out that discussions of the solid-state 
mechanisms used for developing the theories in 
the previous papers are very stimulating to workers 
in photosynthesis research. These same mechanisms 
promise to give some understanding of certain 
aspects of photosynthesis. Dry chloroplasts, for 
example, stimulate semiconductors in luminescent 
and conductive properties. 

The group relaxed Friday evening at the Faculty 
Club banquet, where Dr. Joe Howland, Chief of 
the University of Rochester Atomic Energy Project 
Medical Division, provoked a great deal of thought 
as he spoke of human problems accompanying our 
present rapid technological advances. 

Saturday morning saw a large group of physicists 
and science teachers hear Professor Powers tell of 
the Penn State science teachers institute and 
Professor Gehman of the University of Buffalo 
discuss shortcomings of our pre-college mathe- 
matics curricula and what the new School Mathe- 
matics Study Group is doing about it. Both papers 
set off much vigorous, as well as informative, discus- 
sion from the floor. 

As a windup to the programme, and to amplify 
the papers of the previous day, demonstrations 
were given of fuel cells, thermoelectric devices, 
solar batteries, and a thermionic converter. The 
demonstrators ran trains, turned windmills, cooled 
baby bottles, operated lamps, or just simply 
deflected a meter needle, using only a gas burner, 
a flashlight, or oxygen from the air to obtain the 
electrical energy. 

The group adjourned well satisfied with the ex- 
cellent programme assembled by Dr. Don Morey of 
Eastman, who promises another informative two 
days at the April Meeting at Colgate University, 
when radio astronomy and rocket probe studies 
will be discussed. 

The following papers were presented : 

1. A Description of Fuel Cells—History, Operation, and 


Applications. H. A. LiesHarsky AND D. L. DouGtas, General 
Electric Research Laboratory. 
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2. Energy States Basic to Fuel Cell Reactions. G. J. Youn, 
Alfred University. 

3. Thermoelectric Effect as a Basis for Refrigeration and 
for Power Generation. R. R. Heikes, Westinghouse Electric 
Corporation. 

4. Solar Batteries and Special Applications. J. J. Lorrersk1, 
RCA. 

5. Thermionic Converters. J. M. Houston, General Electric 
Research Laboratory 

6. The Solar Furnace and Artificial Radiation Sources. P. 
E. Graser, A. D. Little, Inc. 

7. Plant as a Model System for the Utilization of Solar 
Energy, Part I. Plant Photochemical Processes. T. R. Pun- 


HE Twelfth Annual Gaseous Electronics Con- 

ference was held at the National Bureau of 
Standards in Washington, D. C., on October 14, 
15, and 16, 1959. The Conference was jointly 
sponsored by the Division of Electron Physics and 
the National Bureau of Standards. Interest in this 
field continues to grow very rapidly. Although no 
special effort was made to encourage the submission 
of papers dealing with very hot plasmas and fusion 
devices, as was done in the preceding year, the 
number of contributed papers submitted for con- 
sideration increased by 50°. Since the decision 
had been made to return to a 3-day meeting in 
1959, it was necessary to select 47 from 86 papers 
submitted. The registration of 399 almost equaled 
last year’s 441 and daily threatened to exceed the 
capacity of the lecture hall. 

Atomic collision phenomena were selected for 
special emphasis and were discussed by the four 
invited speakers. Abstracts of contributed papers 
are printed below. 

The Conference banquet was addressed by Pro- 
fessor Henry Margenau of Yale University, who 
spoke on ‘‘Physics and Operational Definitions.” 

The Conference Committee for the coming year 
consists of W. P. Allis, Chairman, N. L. Oleson, 
Secretary, L. M. Branscomb, W. L. Fite, R. Geballe, 
D. E. Kerr, L. B. Loeb, and G. J. Schulz. The 
Thirteenth Conference in 1960 probably will be 
held at the U. S. Naval Postgraduate School, 
Monterey, California. 


L. M. Branscoms, Secretary 
Twelfth Annual Gaseous 
Electronics Conference 


Al. On the Usefulness of the Adiabatic Approximation in 
Atomic Scattering Problem.* B. A. LippMaNnn, Lawrence 
Radiation Laboratory.— The adiabatic approximation assumes 
that a slowly moving particle causes a perturbation equivalent 
to the same particle at rest. That is, in the detailed calcula- 
tions, (a) the kinetic energy operator of the particle is ignored, 


MINUTES OF THE TWELFTH ANNUAL GASEOUS ELECTRONICS CONFERENCE HELD AT 
WASHINGTON, D.C., ON OcTOBER 14, 15, AND 16, 1959 


NETT. Part II. Mechanisms of Photosynthesis. T. T. BAn- 
NISTER, University of Rochester. 

8. A Report on the Institute for High School Science 
Teachers Sponsored at the Pennsylvania State University by 
the National Science Foundation. W. H. Powers, Penn- 
sylvania State University. 

9. The New High School Programme of the School Mathe- 
matics Study Group. H. M. Genman, University of Buffalo. 


for the Secretary-Treasurer by 
C. J. PARKER, 
Corning Glass Works 


and (b) the potential is evaluated by fixing the position of 
the particle precisely. These requirements are complementary ; 
they cannot simultaneously be satisfied exactly. To determine 
the extent to which they are compatible, the particle should 
be replaced by a wave-packet of dimensions ~ér, where 4r is 
so large that the kinetic energy of localization is negligible, 
and so small that the variation of the potential over the 
wave-packet is inappreciable. Or, if E is the energy of the 
system, in ev, M the mass of the incident particle, and the 
potential varies as r~-"(m=e=h=1), we require r/n>ér 
>(13.6/ME)*. Application of this criterion shows that the 
adiabatic approximation is not appropriate for the scattering 
of electrons by atoms; it is, however, meaningful when protons 
or heavier particles are scattered by atoms. 


*Work was performed under auspices of the U. S. Atomic Energy 
Commission. 


A2. Dispersion Relations in Atomic Scattering Problems.* 
N. A. AND E. Geryuoy, General Atomic.t—Dispersion 
relations connecting scattering amplitudes with total cross 
sections have been used by workers in the field of meson and 
strange particle physics, to help interpret scattering experi- 
ments. These quite simple relations can be applied to the 
scattering of electrons by atoms, and other atomic scattering 
processes. This approach is not common because in atomic 
problems the forces are well known; it is still of value in 
situations where the problem is too complex to allow direct 
calculation using the known forces. The appropriate relations 
are applied to the elastic scattering of electrons by free 
hydrogen atoms. Two experiments presently exist,'* yielding 
quite different results for the total cross section, with theore- 
tical attempts'* to justify each experiment. Dispersion 
relations provide a useful tool for resolving differences of this 
sort, and in this case tend to support the experiments of 
Brackmann, Fite, and Neynaber. 

* This work was done under a contract between General Atomic and the 
Texas Atomic Energy Research Foundation. 

t John Jay Hopkins Laboratory for Pure and Applied Science, General 
Atomic Division of General Dynamics Corporation, San Diego, California. 

1 Brackmann, W. L. Fite, and R. H. Neynaber, Phys. Rev. 112, 


1157 (1958). 
2B. Bederson and M. Malamud, Bull. Am. Phys. Soc. Sec. II, 2, 122 


(1957). 
3K. Omidvar, New York University Report CX-37 (January, 1959). 


A3. Application of the Method of Polarized Orbitals to the 
Scattering of Electrons from Hydrogen. A. TEMKIN, National 
Bureau of Standards.—The method of polarized orbitals! is 
being applied to the calculation of s-, p-, and d-wave phase 
shifts for the low energy scattering of electrons from atomic 
hydrogen. The resulting integro-differential equation for the 
scattered waves has been reduced to a set of uncoupled 
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ordinary differential equations by an extension of the trans- 
formation used by Omidvar.? The importance of the d wave*® 
lies in the fact that it is the lowest partial wave which can 
reconcile the experimental results of Bederson et al.‘ with 
those of Brackmann et al.® if one assumes that both experi- 
ments are correct. The p-wave phase shifts have been ob- 
tained. The triplet phase shifts lie between those of the 
exchange and _ exchange-adiabatic approximations. The 
singlet phase shifts are larger than those of both the exchange 
and exchange-adiabatic approximations. 

1A. Temkin, Phys. Rev. 107, 1004 (1957). 

2K. Omidvar, New York University Research Report No. Cs-37 (1959) 
(unpublished). 

3A. Temkin, Phys. Rev. (to be published). 

4 Bederson, Malamud, and Hammer, New York University College of 


Engineering Technical Report No. 2 (unpublished). 
5 Brackmann, Fite, and Neynaber, Phys. Rev. 112, 1157 (1958). 


A4. Electron Scattering by Noble Gases.* B. KIveL, Avco- 
Everett Research Laboratory.—A numerical integration of the 
partial wave Schrédinger equation has been carried out for 
the electron scattering by argon at energies below 1 ev. The 
cross section at zero energy is found to be 7.5107 cm?, 
which is appreciably above measurements by Whalin and by 
Phelps, Fundingsland, and Brown, but consistent with 
recent measurements by Pack and Phelps. The zero energy 
cross section can be accounted for by considering only the 
polarization force at distances greater than 8 atomic units, 
which is effectively outside of the atom. Making the assump- 
tion that this is the case for all of the noble gases, we find 
their zero energy cross sections determined by their polariza- 
tion tails to be consistent with experimental data on low 
energy electron scattering. The resulting zero energy cross 
section is 41ao*(p/ro)*, where p is the atomic polarizability 
and ro is the atomic size both in atomic units and 
= 3.52 10716 cm?. 


* This work was supported by the Ballistic Missile Division, Air Research 
and Development Command, U. S. Air Force. 


Bl. Electron-Hydrogen Atom Elastic Scattering. S. GeLt- 
MAN, National Bureau of Standards.—The elastic scattering 
of electrons by hydrogen atoms has been calculated in many 
approximations since 1928. The novel features of the present 
calculation are: (1) inclusion of partial waves up to the d 
wave; and (2) use of a nonseparable wave function containing 
a nonlinear variational parameter. The Kohn-Hulthén 
variational method is applied with a trial function that is 
the sum of an asymptotic term containing the phase parameter 
and an interior term to describe the region in which the two 
electrons are strongly interacting. The interior term is a 
product of functions of each of the electron radial coordinates 
involving the one nonlinear and three linear variational 
parameters and is made to vanish exponentially as either 
electron coordinate goes to infinity. Results for the s wave 
indicate symmetric (singlet) phase shifts up to 0.25 radian 
below previous calculations at energies <13.6 ev, while the 
antisymmetric (triplet) phase shifts are unchanged. 


B2. Approximate Cross Sections for Inelastic Collisions of 
Electrons with Atoms.* S. N. Mitrorp, St. John’s University, 
New York.—The threshold and large energy properties of cross 
sections are combined with the energy derivative of the cross 
section at its maximum. The resulting formula relates the 
maximum cross section to the energy « at this maximum, 
The multipole expansion then gives a simple formula within 
10% of the Born approximation maxima for many allowed 
transitions of hydrogen induced by electron impact. Choosing 
€:, the approximate formula gives the momentum cutoff in 
the Bethe approximation. The Bethe and threshold shape is 
then compared to electron plus hydrogen atom Born cross 
sections for allowed transitions. The simple formula gives (a) 
the Born maximum within a factor of two, and (b) the Born 
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approximation for all energies within a factor of three. Thus, 
when the dipole moment is known from experiment or calcu- 
lation, the approximate cross section can be found at all 
energies by several minutes’ calculation. The method is being 
extended to atom-atom collisions. 

* Work performed at the National Bureau of Standards, Boulder Labora- 


tories, and at the University of Colorado under a National Science Founda- 
tion grant to the Physics Department. 


B3. Cross Sections for the Excitation of the Metastable 2s 
State of Atomic Hydrogen by Electron Collision.* W. LicntEN 
AND S. ScHULTZ, Columbia University, New York.—The func- 
tion for excitation of the 2s state of atomic hydrogen by 
electron impact has been measured from threshold to 45 ev 
by an atomic beam method. The absolute value of the total 
cross section has been determined by two independent 
methods which are in agreement. In one method the excitation 
function was normalized to the Born approximation at the 
higher energies. The mechanism of cascade from higher p 
states was found to play a significant role in population of 
the metastable 2s level. The other method proceeded by 
determining the metastable detection efficiency in terms of 
the known efficiency for Lyman a photons. The total cross 
section reaches a maximum value of 0.35+0.05ra¢ at 11.7 ev. 
The yield for ejection of electrons from an untreated platinum 
surface by H(2s) is 0.065+0.025. The exchange cross section 
was also measured by the atomic beam method. The incident 
atoms were polarized in a Stern-Gerlach experiment; the 
metastable atoms were analyzed by the selective quenching 
action of a magnetic field of 575 gauss. The ratio of the 
exchange to total cross section is 0.45+0.05 near threshold. 
At higher energies this ratio approaches zero. The cross 
section for production of metastable atoms by direct bombard- 
ment of molecular hydrogen is 0.03xao?. This value is 
considered correct to within a factor of two. 


* Work supported jointly by the U. S. Army, Navy, and Air Force. 


B4. Spectral Dependences of the H~ and O~ Photodetach- 
ment Cross Sections.* S. J. SmitH, National Bureau of 
Standards.—Recent careful measurements of the spectral 
dependences of the photodetachment cross section of H~ and 
O- will be discussed. The measurements are based on the 
detection of free electrons photodetached in high vacuum. 
The problem of eliminating systematic errors in measurements 
of the spectral dependence of the photon beam intensity was 
met by monitoring the photon beam with a bolometer which 
was in turn calibrated by use of a spectrally nonselective 
calorimeter. Statistical probable errors in the cross section 
measurements were about 1 or 2%. Measurements were made 
at a number of wavelengths longer than 400 A. The cross 
section obtained for O~ in this limited spectral range can be 
combined with an earlier precise measurement of the O- 
threshold by Branscomb et al., and with a Born approxi- 
mation calculation at high proton energies to give a reasonably 
consistent estimate of the cross section over an extended 
spectral range. 


* Work supported in part by the Office of Naval Research. 


Cl. Low Pressure Helium Excitation Function.* R. M. 
St. JoHN anD F. E. Fajen, University of Oklahoma.—The 
excitation function for several excited states of helium have 
been examined for electron energies from 30 to 500 ev. The 
absolute value of the »‘P function has been obtained through 
the use of a tungsten strip standard lamp. A sensitive photo- 
multiplier was used for light detection. Pressures utilized in 
the excitation measurements were as low as 1 x 10-* mm and 
absorption of resonance radiation was negligible for pressures 
below 3X 10-4‘ mm. Filters were used for wavelength selection. 
When more than one line was transmitted, spectrographic 
data gave relative intensities. Levels contributing cascade 
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components to the 3'P level were studied and their effects 
eliminated. The 3'P function of excitation by electron impact 
only has a peak value of 2.4 x 10~'* cm? at 100 ev. 


* Supported in part by the U. S. Air Force Office of Scientific Research. 

C2. Measurement of Argon Transition Probabilities Using 
the Thermal Arc Plasma as Radiation Source. H. N. OLsEN, 
Linde Company.—The high current argon arc plasma whose 
electrical and thermal properties were described in a previous 
paper! has been used as a radiation source of known temper- 
ature to measure absolute transition probabilities of atomic 
and ionic argon spectral lines. Temperatures determined by 
the Larenz? method from radial intensity distributions 
(corrected for source inhomogeneities) of both atomic and 
ionic spectral lines and of the electron continuum agree to 
better than +5%. Intensity measurements were made on an 
absolute scale using the positive crater of low current carbon 
arc as a radiation standard. Measured intensities and temper- 
atures have been combined with particle densities calculated 
according to the Saha equation to give experimental values 
for the spontaneous transition probabilities of selected atomic 
and ionic spectral lines. Estimated accuracy of the measured 
probabilities is +10% 

1H. N. Olsen, Paper B6, 1ith Annual Gaseous Electronics Conference 


(1958). 
2W. Larenz, Z. Physik 129, 327 (1951). 


C3. Excitation and Ionization of N. by Controlled Proton 
Impact. W. F. SHermpan, N. P. CARLETON, AND O. OLDEN- 
BERG, Air Force Cambridge Research Center and Harvard 
University.—It has been recognized that the auroral glow is 
partly due to the impact of protons on the atmospheric gases. 
We are making a laboratory study of the excitation of atmos- 
pheric gases subject to controlled proton impact. We have 
bombarded N; at low pressures with 4 kev to 30 kev protons 
and determined cross sections for excitation of the Ist 
negative bands of N.* and for ionization of Nz. Simultaneous 
measurements of cross sections for charge exchange yield 
results in good agreement with those of other workers. 


C4. Differential Cross Sections for Production of Secondary 
Electrons by Protons in Hydrogen Gas.* C. E. Kuyatt, Uni- 
versity of Nebraska.—Hydrogen gas was bombarded by 50, 75, 
and 100 kev protons and the differential cross section for 
production of secondary electrons measured as a function of 
electron energy at angles of 23°, 45°, 67.5°, 90°, 112.5°, 135°, 
and 152° from the proton beam direction. The differential 
cross sections are largest at 23°, dropping off rapidly at 
larger angles. As a function of electron energy at a fixed angle 
the differential cross section shows a broad peak at 4 to 9 ev 
with a monotonic decrease at higher electron energies. 
Measurements are in progress at higher proton energies and 
will be reported on as available. 


* Work supported in part by the Atomic Energy Commission. 


CS. Fast Molecular Nitrogen Beam.* G. H. MILLER AND 
N. G. UTTERBACK,t University of Virginia.—A 20- to 200-ev 
molecular nitrogen beam has been produced by the technique 
of ionization, acceleration and focusing, analyzing, energy 
selection, and neutralization by charge exchange in nitrogen 
gas. Intensities of the order of 10 molecules/sec are obtained. 
The neutralization-to-scattering probability ratio is favorable 
over the energy range studied, and 20% neutralization of the 
ion beam is easily obtained. Data will be presented on the 
ionization cross section for nitrogen molecules in nitrogen gas 
and on the probability of secondary electron emission from a 
gold surface upon nitrogen molecule impact, as determined 
using this beam. 


* Work supported by the National Aeronautics and Space Administration. 
t Authors now at Denver Research Institute. 
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C6. Resonance Electron Capture for H* and He* Ions in 
Moderately Large-Angle Collisions with Atoms.* E. EvEr- 
HART, F. P. ZreEMBA, AND G. J. Lockwoop, University of 
Connecticut.—The recent discovery of multiple resonances for 
electron capture in large-angle He* on He collisions' has 
prompted a search for similar resonances in other combinations. 
Incident ions of H* and He* in the energy range of 4 to 200 
kev were studied in single collisions with Hz, He, Nz, O2, Ne, 
Ar, and Kr targets. The probability of electron capture by an 
incident particle which scattered through a 5° angle in a 
single collision is plotted vs energy. In all cases where protons 
were the incident particle, two pronounced peaks were found. 
When He* ions were incident, the probability was always 
fairly high over an extended energy region with several 
resonance peaks of low amplitude superimposed. Where the 
target is monatomic, the incident particle passes almost 
through the center of the target atom in these violent collisions. 
The electronic wave functions become practically overlapped 
and concentric at the midpoint of the collision. The location 
of the electron capture peaks are compared with those 
predicted by the simple near-adiabatic theory. 


* Sponsored by the Office of Ordnance Research, U. S. Arm 
1F, P. Ziemba and E. Everhart, Phys. Rev. Letters 2, 299 (1959). 


D1. Improved Microwave Techniques for Measuring 
Plasma Characteristics. R. F. WHITMER AND J. KANNELAUD, 
Microwave Physics Laboratory, Sylvania Electric Products, Inc. 
—In the past, microwave interferometer techniques have 


been used to measure the electron density and the electron- 
neutral particle collision frequency in an ionized gas. This 
was accomplished by measuring the attenuation and phase 
shift of an electromagnetic wave traversing the plasma and 
relating these measured quantities, by means of an elementary 
theory, to the desired plasma parameters. Many limiting 


assumptions were made in deriving the relationship between 
the measured quantities and the desired quantities. These 
include the assumptions of plane wave propagation in an 
infinite medium of uniform electron density, and in most 
cases these assumptions were not satisfied in the experimental 
arrangement. As a result, such measurements must be 
considered somewhat unreliable. An improved experimental 
arrangement has been designed which closely approximates 
the model used in the theory. Comparisons have been made 
between measurements performed with the new technique 
and measurements performed with the usual arrangement. 
The results indicate that unless proper precautions are taken 
a considerable error in the measured quantity may result. 
For example, the measured value of the electron-neutral 
particle collision frequency may be in error by as much as a 
factor of 5 if the improved technique is not employed. In 
addition, the new arrangement greatly increases the re- 
producibility of the results. 


G5. Electromagnetic Waves of Radiofrequency in a Gyro- 
plasma.* K. V. NaArAsINGARAO, J. T. VERDEYEN, AND L. 
Go.psTEIN, University of Illinois —The subject of this paper 
is the investigation of the interaction of high radiofrequency 
electromagnetic waves with gyromagnetic low temperature 
gaseous plasmas. The technique used in this study involves 
the interaction of two microwave signals which are simul- 
taneously propagated in the gyroplasma. Experiments per- 
formed with neon gas in the pressure range of 0.5-10 mm Hg, 
with microwaves in the frequency range of 4.0 to 7.0 kMc, 
will be discussed. The experimental results obtained in the 
microwave interaction studies are correlated with the measure- 
ment of visible light intensities radiated from the plasma. 
The microwave interaction in the gyroplasma leads to a 
simple methed of electron collision frequency measurement, 
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This method was used to determine the electron collision 
frequency (and cross section) in helium and nitrogen. 


* This work was supported by the Geophysics Research Directorate of 
the U. S. Air Force Cambridge Research Center. 


D3. Theory of Swarm Experiments in Hydrogen.* L. S. 
Frost AND A. V. PHELPS, Westinghouse Research Laboratories. 
—The energy distribution function of electrons in hydrogen 
has been computed at values of the applied field to pressure 
ratio such that rotational excitation is the dominant energy 
loss process. The numerical calculations included energy gain 
and loss terms due to elastic and inelastic collisions. Deduced 
values of drift velocity and characteristic energy, D/u, are 
compared with the available experimental values. The results 
are consistent with a rotational excitation cross section in 
hydrogen which is about twice the value calculated by 
Gerjuoy and Stein! and a momentum transfer cross section 
which is in good agreement with the results of Bekefi and 
Brown.? 

* These studies were supported in part by ARPA contract with the 
Office of Naval Research and by contract with the U. S. Air Force Special 
Weapons Center. 


1 E. Gerjuoy and S. Stein, Phys. Rev. 98, 1848 (1955). 
2G. Bekefi and S. C. Brown, Phys. Rev, 112, 159 (1958). 


D4. Drift Velocity of Hydrogen and Deuterium Ions in 
their Parent Gases. D. J. Rose,* Bell Telephone Laboratories. 
—Drift velocity of ions in Hz and Dz has been measured, 
using a pulsed Townsend technique similar to that developed 
by Hornbeck.! Expressed in terms of mobility uo(cm?/v sec) 
as a function of E/po(v/cm mm Hg)(uo; E/po) it was found 
for hydrogen: (11.8; 26.0); (15.3; 48); (11.6; 150); and for 
deuterium: (9.0; 23.0); (11.5; 47); (7.5; 180). For each ion, 
first and last values represent the limits on E/po, and the 
intermediate value represents the maximum mobility. The 
experiment was performed with uranium-purified gas in an 
ultra-high vacuum system. Ions were not identified as atomic, 
diatomic, or triatomic, and may change their nature, depend- 
ing on the value of E/po. These mobility values appear at 
variance with some other published data. 


* Now at Massachusetts Institute of Technology. 
1 J. A. Hornbeck. Phys. Rev. 83, 374 (1951); 84, 615 (1951). 


E1. Some New Observations on Collision Processes in the 
Upper Atmosphere from Auroral Spectroscopy. M. H. REEs, 
Geophysical Instituie, University of Alaska.—Results from 
recent photometric and spectroscopic measurements of the 
aurora are reported. The observational data on the absolute 
intensity of the green and red lines of oxygen and a band of 
the ionized nitrogen molecule are discussed in terms of the 
relative importance of specific excitation processes. A spectro- 
scopic study of an intense red aurora has indicated the 
importance of charge transfer processes in producing at least 
some of the auroral excitation. These quantitative data 
together with preliminary results from one year’s high time 
resolution spectra are interpreted in terms of the respective 
role of protons and electrons in auroral excitation. 


E2. Transport Cross Sections from Electron Mobility Data 
in the Noble Gases and in Nitrogen.* J. C. Bowe, Argonne 
National Laboratory.—Transport collision cross sections were 
obtained for slow electrons (¢<10 ev) in the noble gases from 
experimental drift-velocity data. Analysis and interpretation 
of these data yielded the following values [o; in cm= (0°C, 
1 mm) and e in ev]: o:=(28+1), 0.13<e<4, for He; o: 
=6.05¢°-157, 0.38<e<8, for Ne; o.-=(6.3+40.6)e, 1.6<e<11, 
for Ar; o:=14e, 1.6<e<3, for Kr; o,=26€, 1<e<2.4 for Xe. 
These results are compared with values computed from the 
Ramsauer-Kollath scattering data and, where possible, with 
values reported from microwave experiments. Comparison is 
also made with values computed from the partial-wave 
phase shifts of Westin, Morse, and Allis and Holtsmark. The 


mobility data for nitrogen, when combined with the cross 
sections of Phelps, et al. yielded a value of 20(2m/M) for the 
average fractional energy loss per collision for electrons in the 
energy range 0.07 to 0.15 ev. This is in good agreement with 
the average value of 25(2m/M) obtained from the theoretical 
curve of Gerjuoy and Stein. 


* Based on work performed under the auspices of the U. S. Atomic 
Energy Commission, 


E3. Electron Temperature Dependence of the Electron-Ion 
Recombination Coefficient in Helium.* C. L. Cuen, C. C. 
LEIBY, JR., AND L. GOLDSTEIN, University of Illinois.—The 
phenomenon of “afterglow quenching’’ is employed in 
determining the electron temperature dependence of the 
electron-ion recombination coefficient in pure helium. The 
variation of the two characteristic spectral lines of helium, 
5876 A (3?D-2?P) and 3888 A (3%P-22S), as well as the total 
visible light intensity as a function of electron temperature, 
have been studied. It is found experimentally that the re- 
combination coefficient varies inversely as the three-halves 
power of the electron temperature in the range of 300 to 
1500°K and at electron density of ~10"(cm=*) and gas 
pressure of 12.6~30.3 mm Hg. At room temperature 
(~300°K), the recombination coefficient is found to be 
(8.7+0.3) X 107 cm?/ion sec. 


* This research was sponsored by the U. S. Air Force Cambridge Re- 
search Center. 


E4. Volume Recombination and Diffusion in Afterglows. 
Ernest P. Gray,* Applied Physics Laboratory, Johns Hopkins 
University, AND DONALD E. Kerr,t Johns Hopkins University. 
—We have investigated the limits of applicability and 
reliability of the microwave method for determining the 
recombination coefficient a from the slope of a 1/n vs ¢ plot of 
the decaying electron concentration m in an afterglow. 
Numerical solutions have been obtained for spherical and 
infinite cylindrical plasmas, over a wide range of the 
parameter 8 =amoA?/D, (mo=initial central or axial electron 
concentration, A=fundamental diffusion length) of the 
diffusion equation with a quadratic recombination loss term, 
for two different initial distributions (lowest ‘‘diffusion 
mode,” and uniform). The average electron density weighted 
by the square of the electric field 7 (the quantity actually 
measured) was calculated. Solutions of an approximate diffusion 
equation with recombination, with the Laplacian replaced by 
—n/A*, were also evaluated, and the corresponding average 
electron density compared with the exact one. The following 
conclusions can be drawn: (i) A linear 1/% vs ¢ plot does not 
by itself constitute proof of recombination control unless 7 
changes by a factor of at least 5; (ii) the slope of the 1// vs t 
plot is close to a only for very large 8. Applications of these 
results to the measurements of recombination coefficients in 
Ar, Ne, and He will be discussed. 


* Supported by the Bureau of Ordnance, Department of the Navy. 
t Supported by the U. S. Air Force Office of Scientific Research. 


Fl. Thermal Electron Attachment in Oxygen and Oxygen- 
Containing Mixtures.* V. A. J. van Lint, E. G. WIKNER, AND 
D. L. TruesBLoop, General Atomic.t—The attachment of 
electrons in oxygen has been measured by a radiation afterglow 
experiment. The gas sample was ionized by a short pulse of 
radiation from the General Atomic electron linear accelerator. 
The ionized electron density was measured as a function of 
time after this pulse by observing the phase shift and attenua- 
tion of a low power microwave traversing the gas sample. 
At 300°K the data can be interpreted as a three body attach- 
ment process with a coefficient equal to K=2.1 x 10-* cm® 
sec"? +10% in the pressure range 1 to 150 mm Hg. The 
temperature dependence of the attachment process has been 
observed indicating a minimum value at 170°K. At 300°K 
nitrogen molecules appear to act as the third body in the 
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attachment reaction, being only 5.3% as effective as another 
oxygen molecule. As the temperature was decreased the 
relative effectiveness of nitrogen was observed to increase. 
Helium is only 3.6% as effective as oxygen as the third body. 
The helium data and the low temperature deta indicate that 
electron thermalization is complete before attachment. 

* Sponsored by U. S. Air Force Special Weapons Command. 


t John Jay Hopkins Laboratory for Pure and Applied Science, General 
Atomic Division of General Dynamics Corporation, San Diego, California. 


F2. Electron Capture in O». G. S. Hurst anp T. E. 
BorTNER, Oak Ridge National Laboratory.*—The cross section 
for electron capture to form O,~ (by the impact of low energy 
electrons on O2) is a complex phenomenon, depending on the 
pressure of O, and the pressure and type of other kinds of 
molecules present. Following this observation, several experi- 
ments have been performed! with mixtures of various gases 
with O». For the case of O2-Nz mixtures the attachment 
coefficient a (probability of capture per mm O, pressure and 
per cm travel in the field direction) may be written as 
where is the Oz pressure, f2P is 
the nitrogen pressure, and A, B, and C depend on E/P (the 
field per unit pressure in v/cm/mm Hg). For O2-C:H; the 
results are a=ay+B’f.P where f.P is the ethylene pressure, 
and ap and B’ are constants depending on E/P. All these 
results, as well as those for O2-CHy,, appear to be interpretable 
in terms of an extension of the Bloch-Bradbury? theory, 
although as pointed out by Bates and Massey,’ the earlier 
pressure independent results are not consistent with the 
theory. 

* Operated by Union Carbide Corporation for the U. S. Atomic Energy 
Commission. 

1 T. E. Bortner and G. S. Hurst, Health Physics 1, 39 (1958); G. S. Hurst 
and T. E. Bortner, Rad. Res. Suppl. 1, 547 (1959); Phys. Rev. 114, 116 
(1959). 

2F. Bloch and N. Bradbury, Phys. Rev. 48, 689 (1935). 

*D. R. Bates and H. S. W. Massey, Phil. Trans. Roy. Soc. 
A239, 269 (1943). 


(London) 


F4. Rate Coefficient for O,~ Collisional Detachment. D. 
K. BarLey L. M. Branscoms, Page Communications 
Engineers, Inc., and National Bureau of Standards.—F ollowing 
certain strong solar flares the earth's polar atmosphere is 
bombarded with a strong, approximately isotropic flux of 
low-energy cosmic rays of solar origin, consisting primarily 
of protons in the energy range from about 20 to a few hundred 
mev. This proton flux, penetrating into and through the D 
region of the ionosphere, persists for several days, steadily 
decreasing through day and night alike. The resulting ioniza- 
tion is responsible for absorption of cosmic radio noise which 
is very strong compared with normal D-region effects. 
Quantitative measurement of the absorption at 32 Mcps 
shows a large diurnal effect. Electrons are released from O,~ 
mainly by photodetachment during the day and by collisional 
detachment during the night. The ratio of day to night 
absorption depends primarily on the attachment and detach- 
ment coefficients both radiative and collisional. Except for 
collisional detachment, these coefficients have now been 
measured in the laboratory. The analysis, which includes the 
nonequilibrium effects of primary ionization and recombina- 
tion, yields a value for the collisional detachment coefficient 
of about 210-7 cm*/sec at an average temperature of 
230°K (0.03 ev). 


F5. Dissociation of Oxygen in Microwave Discharges.* F. 
KAUFMAN AND J. R. KELso, Ballistic Research Laboratories.— 
It has long been known that small amounts of added species 
have a large effect on the extent of dissociation of diatomic 
molecules in electrical discharges. This has often been ascribed 
to wall effects; i.e., the poisoning of the wall to recombination 
reactions. We are studying this systematically, starting with 
O, dissociation with added N. or NO using a magnetron 
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(2450 Mc, 0-800 w, cw). We measure oxygen atoms by a gas 
titration with NOs» and also determine the air afterglow 
intensity downstream of the discharge, the emission spectrum 
of the discharge, and the amount of NL produced as a function 
of the added gas, pressure, and power. Our results show that 
the dissociation is indeed a most sensitive function of added 
Ne. Very pure O» produces less than 1% atomic oxygen for 
very small additions (0.01%) of Nz molecule added. The 
effect has nothing to do with the condition of the wall down- 
stream of the discharge. The concentration of free electrons 
is approximately unchanged upon Ne: addition. The effect 
appears to be truly chemical and catalytic and throws serious 
doubt on the importance of the accepted mechanisms for 
dissociation. 


* Supported by the Advanced Research Projects Agency. 


F6. Dissociation of Molecular Ions by Electric Fields. J. R. 
HISKEs AND J. L. Uretsky, University of California, Berkeley. 
—The dissociation of molecular ions by the Lorentz force, 
ev XB, may provide a means for trapping energetic particles 
inside fusion devices. Here we consider the dissociation in the 
presence of an electrostatic field, with the hope that it will 
exhibit the essential features of magnetic dissociation. The 
dissociation of the H.* ion can be treated exactly by using 
available wave functions'; the primary mode of dissociation 
proceeds according to H2* + H+H*. The fields required for 
dissociation are a sensitive function of the initial vibrational 
state of the ion. We now find the threshold for dissociation of 
the uppermost vibrational state to be appreciably lower than 
had been previously estimated.* For dissociation in 10~* sec, 
the fields required for dissociating the upper states are 1, 3, 
10, 30, and 5010° v/cm, respectively, ranging upward to 
2108 v/cm for the ground state. The rates of induced dipole 
transitions to lower vibrational states are negligibly small 
compared with the dissociation rates. Some discussion of the 
method of calculation will be given. 

'S. Cohen, J. R. Hiskes, and R. J. Riddell, Jr.. UCRL-8871 (October, 


1959). 
2 J. R. Hiskes and J. L. Uretsky, UCRL-8255 (April, 1958). 


Gl. Effect of Collisions on the Optical Refractivity of < 
Plasma.* O. THEIMER AND H. HOFFMAN, Department of 
Physics, University of Oklahoma.—The vibrational amplitude 
A of free electrons in a plasma exposed to an electromagnetic 
field with frequency wo is proportional to wo~*. For low fre- 
quency radio waves A is larger than the average distance of 
neighboring ions and the cross section g. for “randomizing 
collisions,” as used in the dispersion theory, is very nearly 
identical with the collision cross section in static fields. 
Contrariwise, the amplitude A induced by infrared or visible 
radiation is infinitesimally small and g, is found proportional 
to wo! and very nearly independent of the temperature. 
Accordingly, ge is unexpectedly large for infrared radiation, 
but this result cannot be extended into the microwave region 
where approximations valid for optical frequencies break down. 


* Work supported by the Office of Ordnance Research, U. S. Army. 


G2. Cyclotron Radiation from a Magnetized Electron Gas 
in Thermal Equilibrium.* H. R. Rosner, Republic Aviation 
Corporation.—The radiation intensity per unit volume of a 
nonrelativistic electron gas in thermal equilibrium is investi- 
gated in the presence of a uniform external magnetic field. 
The derivation is carried out by means of two conceptually 
distinct processes. Expressions are obtained for the rate of 
radiation loss per unit volume. The spectral properties of the 
nonrelativistic radiation are then investigated, with the 
result that only the first spectral component is significant. In 
conclusion, the radiative contributions of mixed-in relativistic 
electrons of a given mean energy are examined, as concerns 
both total and spectral intensities. The radiation of these 
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relativistic electrons is shown to be principally in directions 
transverse to the magnetic fieid. 


* Written under U. S. Air Force Special Weapons Center contract, in 
continuation of a Plasma Studies program begun in 1958. 


G3. Cyclotron Radiation from Plasmas.* J. L. HirsHFIELD 
AND G. Bekert, MIT.—The incoherent microwave noise 
from the positive column of a dc discharge subjected to an 
external magnetic field was measured at frequencies in the 
neighborhood of the electron cyclotron frequency. The 
radiation was observed along, and perpendicular to, the 
magnetic field for various electron densities and gas pressures. 
Kirchhoff's radiation law for anisotropic media, which relates 
the emission to the absorption, was used to interpret the 
measurements. The absorption was obtained from the tensor 
rf conductivity of a cold plasma of low degree of ionization. 
When the plasma is transparent, the emission reduces to that 
obtained by summing the radiation from individual electrons 
orbiting in the magnetic field. This result is used in finding 
the electron temperature by integrating the radiation intensity 
under the resonance line. As the plasma becomes more 
opaque, changes in the line shape are observed. These are 
compared with computations. 

* This work was supported in part by the U. S. Army (Signal Corps), the 


U. S. Air Force (Office of Scientific Research, Air Research and velop- 
ment Command), and the U. S. Navy (Office of Naval Research). 


G4. Radiation from a Test Oscillator in a Plasma. H. 
Dreicer, Los Alamos Scientific Laboratory,* and Boeing 
Scientific Research Laboratories——This paper discusses the 
spontaneous emission of electromagnetic radiation from an 
oscillating test charge which is moving through a hot collision- 
less plasma of infinite extent. Simultaneous solution of the 
kinetic and field equations shows that the radiation field 
decays exponentially with radial distance from the oscillator 
for those harmonics whose frequency falls below the plasma 
frequency. Harmonics whose frequency exceeds the plasma 
{frequency contribute to net emission. The mechanism involved 
is discussed in terms of the charge and current clouds with 
which the plasma shields the test oscillator. The extension of 
the theory to plasmas of finite extent and a large number of 
oscillators will be discussed with special reference to the case 
of cyclotron emission in magnetic fieids. 


*Work performed under the auspices of the U. S. Atomic Energy 
Commission. 


G6. Influence of Acoustical Waves on the Interaction 
between an Electromagnetic Field and a Bounded Plasma. 
K. Persson, General Electric Research Laboratory.—A short 
review of acoustical waves or collective plasma oscillations is 
given. The simple wave equation for electrons is used to 
explain the anomalous resonance absorption which was 
observed by Romell and Dattner in the microwave range. A 
discussion is presented of the relative importance of electron 
and ion sound waves and electromagnetic waves with or 
without a static magnetic field. It is concluded that the sound 
wave mechanisms are much more important for the bounded 
plasmas than has generally been considered. It is shown that 
the sound wave mechanism is of considerable importance in 
the interpretation of electron density measurements made by 
the microwave cavity method. The limits for an accurate 
interpretation of the microwave measurements have to be 
adjusted considerably if the acoustical waves are taken into 
account. Some of the debated interpretations of the microwave 
measurements are explained as being effects of the nonlinear 
interaction between the plasma, the acoustical waves, and 
the electromagnetic field. 


G7. Diffusion of Plasma across a Magnetic Field.* T. K. 
ALLEN,f G. A. PAuLIKAs, AND R. V. PyLe, University of 
California, Berkeley—The experiments of Lehnert,! which 
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have been interpreted as indicating enhanced diffusion across 
magnetic fields for fields above a critical value, have been 
repeated and extended. Glow discharges in tubes 250 cm long 
and of 19 mm and 55 mm i.d. are studied under conditions in 
which the positive column is partially immersed in a steady 
longitudinal magnetic field which is uniform over a distance 
of 155 cm. Measurements of electric field strength, electrical] 
noise, and light-intensity fluctuation have been made in 
discharges in hydrogen and several inert gases over a wide 
range of conditions. The results include and agree with 
Lehnert’s observations, and some additional information on 
the loss mechanism may be obtained from the striation 
behavior in the discharge. 

* Work done under the auspices of the U. S. Atomic Energy Commission. 
t Visiting Lawrence Radiation Laboratory from AERE, Harwel. 


1B. Lehnert, Proc. Second International Conference on Peaceful Uses of 
Atomic Energy (United Nations, New York, 1958), Vol. 32, p. 349. 


G8. Mechanism of the Breakdown of Argon Gas in Glass 
Cells with External Electrodes at Very Low Frequencies. J. 
EL-BAKKAL AND L. B. Logs, University of California.—Using 
both fast oscilloscopic analysis and direct measurements of 
the charges transferred in the breakdown of “‘spectroscopically 
pure” argon gas in an all-Pyrex glass cell with external 
electrodes, when steady potentials above threshold are 
applied at different rates of rise, much information concerning 
the processes active is being obtained. Breakdown at somewhat 
above the threshold value proceeds by a photon y from the 
glass wall adjoining the cathode. As breakdown proceeds, 
electrons created in the discharge collect on the glass wall 
next to the anode, reducing the field acting on the gas such 
that the current rises rapidly to a maximum in some 1077 to 
10-* sec and declines to zero somewhat more slowly, the 
discharge lasting some 10~* sec to at most 10-5 sec. It is 
shorter and has larger currents, the higher the applied 
potential. Depending on circumstances of application as 
complicated by conduction through the glass, successive 
breakdowns can be observed on sustained potential applica- 
tion. Gradual reduction in the higher applied potentials can 
lead to a succession of internal back-discharges. From the 
completed study using the techniques developed, it appears 
that a fairly clear picture of the successive short-lived current 
pulses observed on 60-cycle ac, such as noted in the Siemens 
ozonizer and similar all-glass cells, will be gained. 


Hl. Spectral Line Broadening from Strongly Inhomo- 
geneous or Macroscopically Nonuniform Plasmas. Louis 
Go.p,* Radiation, Inc., Research Division—When dealing 
with plasmas in a highly perturbed state, the conventional 
intrinsic sources of line broadening (appropriate for quiescent 
plasmas) may become submerged by gross inhomogeneities. 
A special class of line broadening, the ‘gradient-Doppler’ 
renders intelligible what seemingly were isolated observations; 
it indeed predicts line contours resembling asymmetries and 
double peaks recorded both for H, emission during a solar 
limb flare and the 21-cm hydrogen radiation. Also the double 
peaks found in the Balmer lines from shocks and the failure 
to detect this feature for H; in arcs may be accounted for in 
that the latter plasma was essentially homogeneous. The 
anisotropy vi the line shape for different viewing directions 
is a particular hallmark for spectra that are decidedly in- 
homogeneous which should be looked for in shock studies. 

* Present address: Princeton University. Address given at the fourth 


International Conference on Ionization Phenomena in Gases, Uppsala 
(August 17-21, 1959). 


H2. Time Behavior of Spectral Line Shapes behind Strong 
Shocks.* S. P. CUNNINGHAM, F. R. Scott, AND R. F. WENZEL, 
General Atomic Division of General Dynamics Corporation.— 
By using a scanning device which images a spectral profile 
onto a battery of seven 1P21 photomultipliers we have 
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observed the behavior of prominent emission lines in an 
electromagnetically driven shock. Gases used were helium, 
deuterium, and mixtures of helium and deuterium. In 
particular, the He 5875 A line exhibits a Lorentz shape and 
a shift to the violet which is proportional to the line width. 
Both diminish with time after the passage of the shock front. 
A typical observed width of 3.0 A and a shift of 0.4 A are 
compatible with the theoretical values of M. Baranger! and 
B. Kivel? on electron impact broadening of this line. We use 
the electron density and temperature given by equilibrium 
shock theory. The shift of the line appears under our condi- 
tions to be due to quadratic ion Stark effect. The lines He 
3888 A, He 4471 A, He* 4685 A, and Dg have also been 
mapped. 

* This work was done under a contract between General Atomic and the 
Texas Atomic Energy Research Foundation. 


! Private communication. 
2? B. Kivel, Phys. Rev. 98, 1055 (1955). 


H3. Electron Diffusion ahead of Strong Shock Waves.* 
H. D. WeyMAnn, University of Maryland.—The diffusion of 
electrons ahead of shock waves of M,=8 to M,=12 into argon 
of 3 to 10 mm Hg pressure was investigated with electrostatic 
probes! and a newly developed induction probe. The latter is 
sensitive to changes of the electron current density in the 
shock tube. The electrostatic signals showed rather sharp 
fronts with front velocities of up to three times the shock 
velocity. Experiments with the induction probe confirmed 
that the electrostatic signals are due to electrons. The electron 
densities behind the fronts were found to be of the order of 
108 cm~*. The question whether the observed electrons have 
diffused from the plasma behind the shock front or are created 
by photoionization ahead of the shock front will be discussed. 

* Supported in part by the U. S. Air Force Office of Scientific Research. 

'H. D. Weymann, “On the mechanism of thermal ionization behind 
strong shock waves,”” Institute for Fluid Dynamics and Applied Mathe- 
matics, University of Maryland, College Park, Tech. Note BN-144 (July, 
1958). 


H4. Magnetohydrodynamic Shock Waves in a Collision 
Free Plasma. A. Kanirowitz, KR. M. Patrick H. E. 
PETSCHEK, Avco-Everett Research Laboratory.—\n a collision 
free plasma it is probable that the dissipative mechanisms 
required in a shock wave are associated with random fluctua- 
tions in the flow properties. This fluctuating field can be 
described in terms of the MHD waves which can exist in a 
uniform collision free plasma. By the interaction of these 
waves with the macroscopic gradient in the flow field and 
their nonlinear interaction with each other, an integro- 
differential equation is derived for the wave amplitudes 
as a function of their position and wavelength. From this 
“Boltzmann equation”’ a rough estimate has been made of 
the effective viscosity and heat conduction coefficients due 
to the waves. From these coefficients the thickness of a shock 
propagating perpendicular to the magnetic field into a cold 
plasma has been estimated as being several ion Larmor radii. 
Shock waves with a sufficient temperature to reproduce the 
required conditions have been obtained in a magnetically 
driven shock tube (MAST).! The shock thickness has been 
measured from the time required for the bremsstrahlung 
intensity to reach a steady value behind the shock front. 
Comparison of the experimental results with the preliminary 
theoretical estimate indicates rough agreement. 


“The production and study of high speed shock waves 
Avco-Everett Research Laboratory, 


1R. M. Patrick, 
in a magnetic annular shock tube,’ 
Research Rept. 


No. 59, July, 1959. 


H5. Viscous Effects in Highly Ionized Rotating Plasmas. 
W. R. BAKER, BRATENAHL, A. W. DesiLva, AND W. B. 
KUNKEL, Lawrence Radiation Laboratory.—Rotating highly 
ionized plasmas may be generated in systems of cylindrical 
symmetry by passing a large radial current through a low- 
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density gas in an axial magnetic field. The rotation is hindered 
by contact with the stationary walls of the vacuum chamber. 
Under the simplifying assumptions of steady-state laminar 
fluid flow and uniform viscosity, two extreme cases may be 
treated analytically. In the first, the flat-disk approximation, 
the flow is considered to be controlled by axial shear alone. 
If zero slip is assumed to exist at the insulating surfaces which 
confine the plasma axially, the current is shown to flow in a 
thin boundary layer, the thickness of which is of the order 
6=1/B(u/c)*. Consequently, the electrical resistance of the 
plasma appears many times that in the absence of the magne- 
tic field. It also follows that the speed of rotation of the 
plasma in this case should be inversely proportional to the 
distance from the axis. These conclusions are partially 
supported by experimental evidence. In the second case 
treated analytically, the long-cylinder approximation, only 
radial shear is considered important. In this case the current 
density is independent of the axial position. 


H6. Plasma Containment by rf and dc Field Combinations. 
R. C. KNEcHTLI AND D. G. Dow, Hughes Research Labora- 
ties—The purpose of the investigations reported here is to 
utilize the desirable properties of rf fields to contain hot 
dense plasmas such as those needed for controlled fusion. 
Because high losses due to skin effect are associated to rf 
fields, they will be used at the lowest possible frequency, and 
only where they constitute a useful supplement to the cheaper 
dc fields. Such rf fields are to be useful for reducing the plasma 
leakage present in most dc confinement systems, and to pre- 
vent some of the instabilities inherent to dc systems. One 
particular combination of dc and rf fields has been analyzed 
in detail. It consists of an axial dc magnetic field containing 
a plasma column against radial diffusion; the ends of the 
column are “‘sealed’’ by means of rf fields. By using the 
proper polarization of the rf fields, it is shown that appreciable 
plasma pressures can be contained, using rf fields of frequencies 
as low as a few Mc. By using rf powers of the order of a few 
kilowatts, it is expected to be feasible to contain plasmas of a 
density exceeding 10'* charges/cm* at temperatures exceeding 
10 ev over sizeable volumes. 


Il. Production of Radiation, in Particular of \=1850 A, in 
the Low Pressure Mercury-Argon Discharge. A. A. KRUITHOF, 
N. V. Philips’ Gloeilampenfabrieken, Eindhoven.—A diagram 
was prepared of the paths along which the energy supplied to 
the low pressure mercury-argon discharge is converted into 
radiation and heat. A diagram for the production of radiation 
in this discharge has been drawn up by Kenty. This diagram 
does not give data on the mercury resonance line \=1850 A. 
The ratio of the excitation of several phosphor coatings in 
40 w fluorescent lamps by the lines \=1850 A and \=2537 A 
is determined with the aid of tubular filters transmitting both 
lines in different proportions. One of the phosphors was 
sodium salicylate. If the property of this phosphor that its 
quantum efficiency does not depend on the wavelength of 
the exciting radiation is used, the ratio of the energies of 
A4=1850 A and A=2537A is found to be 17:83. These 
measurements give lower values for the part played by 
\=1850 A than those of Fabrikant and Butaeva. Quantum 
efficiencies for both mercury lines have been calculated from 
the luminous output of fluorescent lamps, coated with the 
same phosphor layers. Although the values for \=1850 A 
generally exceed those for \=2537 A, no values definitely 
exceeding 1 have been found. 


12. Breakdown Streamers in Corona to Arc Transition in 
Contaminated and Very Pure Argon. R. G. WEsTBERG, H. C. 
HUANG, AND L. B. Loeb, University of California.—The fast 
oscillographic time analysis as applied by G. G. Hudson to 
the study of breakdown streamers in the spark breakdown of 
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a point-to-plane corona to a transient arc in air at atmospheric 
pressure has been extended to argon gas of varying degrees 
of purity from 400 mm in pressure down. In argon with a 
percent of air, even at 100 mm, the primary and secondary 
cathode directed anode streamers were observed as in 
Hudson's air studies. Linde’s ‘‘spectroscopically pure argon”’ 
yields no primary-secondary sequence. Despite feeble lumi- 
nosity the transition is preceded at high amplification by a 
very irregular pulse starting from the anode and crossing to 
the cathode before the rise of the main stroke. Exceptionally 
pure argon cleansed of most impurities of lower ionizing 
potential by gas cataphoresis at 300 mm pressure yields a 
rather fainter diffuse spark channel with maximum luminosity 
at the cathode. No streamers from the anode have been 
observed in this case. Apparently the preceding corona does 
not create enough metastables to create a two-component 
photoionizable gas and streamers do not form. 


I3. Measurements of Negative Static Characteristics in 
Argon.* M. J. REDDAN AND A. L. Warp, Diamond Ordnance 
Fuze Laboratories—Measurements have been made of the 
negative slope portion of voltage-current characteristics for 
plane parallel electrodes in commercial, spectroscopically 
pure argon. The pressure range extended from 0.5 mm Hg to 
200 mm Hg, and the gap spacing from 0.1 to 1.5 cm. The gap 
spacing was precisely adjustable over a continuous range. A 
nickel cathode was employed. Measurements were made 
quasi-statically (i.e., a very gradual change in applied voltage) 
and proved to be continuous and reversible over extensive 
portions of the negative slope region. Comparison of experi- 
mental data with calculations! is made difficult by a tendency 
for the discharge area to contract in this region. Photographs 
of the discharge were used to obtain improved estimates of 
the discharge area. Generally, the discharge first becomes 
visible as an anode glow, then builds up toward the cathode 
as the current increases. Except for very low pd values, a 
discontinuous voltage drop accompanied the formation of a 
cathode spot. When the estimated area of the discharge was 
used to obtain experimental current density static characteris- 
tics, agreement with calculations was good. 


* Supported by the Office of Ordnance Research. 
1A. L. Ward, Phys. Rev. 112, 1852 (1958). 


I4. Relaxation Type Oscillations in Argon Glow Discharges.* 
R. J. STANSFIELD, J. P. WisE, AND N. L. OLEson, U. S. Naval 
Postgraduate School.—In the course of investigating the effects 
of external parameters on moving striations in the positive 
column of an argon glow discharge between 4 to 20 mm 
pressure, it was found that sufficiently high values of external 
resistance caused the striations to be replaced by relaxation 
type oscillations in which the whole column appeared to be 
pulsating, or if moving striations were present, they would 
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torium on the campus of the University of Michigan 
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The arrangements for the meeting were made by 
the Programme Committee consisting of W. M. 
Elsasser, R. J. Emrich, F. N. Frenkiel (Chairman), 
A. M. Kuethe, and Otto Laporte and by the local 
Organizing Committee consisting of A. M. Kuethe 
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have velocities in excess of 25 000 m/sec. The accompanying 
voltage oscillation increased from the order of 40 to approxi- 
mately 500 v and current pulses of several amperes amplitude 
and about 10 usec duration were observed. The light intensity 
in the afterglow increased to a maximum of about 100 usec 
after the excitation was removed and then decayed following 
processes formulated by other investigators in this field. A 
secondary light peak occurred during the latter stages of 
this decay. Evidence will be present to indicate that this 
secondary peak might be attributed to metastable recombina- 
tion near the walls. 


* Supported by the Office of Naval Research. 


Is. The Measurement of Thermionic Emission in Hot- 
Cathode Discharge Tubes. J. F. Waymoutn, Sylvania Lighting 
Products.—A method has been discovered for measuring the 
zero-field thermionic emission current frum hot cathodes in 
gas discharge tubes of the fluorescent lamp type. It depends 
on detecting the vanishing of the space-charge potential 
minimum in front of the cathode when the current ceases to 
be space-charge limited. When this potential minimum is 
present, mercury ions can get trapped in it, and oscillate, 
producing rf noise in the frequency range 100-200 kc. The 
thermionic emission from an externally heated cathode is 
measured by increasing the discharge current from a low to 
a higher value and observing the current at which the rf noise 
stops. This marks the disappearance of the space-charge 
potential minimum, and hence marks the maximum zero-field 
thermionic emission. The method appears to be generally 
applicable to hot-cathode discharges in various gases. 


16. Arc Recovery Phenomena. J. D. Copine, G. A. FARRALL, 
AND D. E. HaGGE, General Electric Research Laboratory.—A 
study of the recovery phenomena of short arcs in nitrogen 
and in argon has been made for 500 < pd <5000 (mm Hg mm 
using a range of pressure from 10 to 760 mm Hg, and three 
gap lengths for a current of 50 amp. The electrodes were of 
pure carbon with a core of thoria in the cathode. For times less 
than 100 usec the recovery voltage is of the order of the glow 
voltage and most arc reignitions probably start as a glow 
established in the residual plasma. For times as long as 1000 
usec the recovery strength is independent of pd. This appears 
to be due partly to a very weak residual plasma, and partly 
to nonuniform cooling of the gas column which experiences 
local heating by hot spots on the electrodes. At delay times 
in excess of 4 msec the recovery strength is an increasing 
function of pd. However, at the current under study, a true 
pd relation does not exist until the delay times are greater 
than 10 msec. For times longer than this the recovery strength 
is that of an essentially un-ionized but low density column 
that is slowly cooling. 


(Chairman), W. C. Meecham, and R. S. B. Ong. 
The scientific programme included 4 invited and 49 
contributed papers. The 153 registered participants 
included 134 from out of town. 

The customary informal scientific discussions 
which play so large a part in the Divisional Meet- 
ings were conducted not only in the convenient 
lounges near the Rackham Auditorium but also 
in the Michigan Union where most participants 
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were staying. On Monday morning, the participants 
were welcomed by Ralph A. Sawyer, Vice-President 
for Research and Dean of the Graduate School, 
University of Michigan. 

At the Tuesday-evening Banquet of the Division, 
held in the Ann Arbor Town Club after an informal 
social hour, Walter M. Elsasser, Chairman of the 
Division, presided and recalled several interesting 
events in which the University of Michigan played 
a role in the historical development of physics in 
our country. Since, in addition to Dean Sawyer, 
several other participants in these events were 
present, it was possible to honor them for the 
important part they played in reconstituting careers 
of physicists from foreign countries. George E. 
Uhlenbeck, President of the Society, added remi- 
niscences of one called upon for knowledge of fluid 
dynamics after narrow training accorded the 
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“quantum mechanics generation’’ and gladdened 
the hearts of all present with a statement of his 
conviction that any respectable physics department 
in a university must include fluid dynamics in its 
curriculum. Professor Uhlenbeck also presented his 
understanding of the function of the Divisions 
within the Society, namely, that the sole reason for 
the existence of each is the desire of a group of 
people to arrange opportunities for meeting and 
discussing a subject in which they are interested. 
The international theme in physics was continued 
by the main speaker of the evening, Marshall 
Tulin, who compared the current status of fluid 
dynamics research in Europe with that in our own 
country. 

RAYMOND J. Emricu, Secretary 
Division of Fluid Dynamics 


Al. On the Hydrodynamics of Liquid Helium II. C. C. Lin, W.J.T. Institute for Advanced Study. 


(45 min.) 


A2. Damping of an Oscillating Disk in Helium IL.* R. J. 
GrisBeNn, M.J.T. (Introduced by C. C. Lin).—A theoretical 
explanation of the experiments performed by A. C. H. Hallett 
on the damping of an oscillating disk in Helium II is offered 
on the basis of a new boundary condition on the superfluid 
component at the wall proposed by Lin. This boundary 
condition states that the superfluid component will slip along 
the surface to an extent that is determined by the amplitude 
of the oscillation and the temperature. Thus for small ampli- 
tudes there is almost complete slip and for large amplitudes 
almost complete adherence of the superfluid component. In 
a simple model where the equation for the superfluid com- 
ponent is considered separately and which may be expected 
to hold for very low temperatures (so that the concentration 
of normal component approaches zero) an approximate 
solution of the nonlinear system of equations and boundary 
conditions is presented. Secondly the full equations for the 
two components are solved in the limiting cases of small and 
large amplitudes and, by using experimental results, approxi- 
mate values are deduced for the viscosity coefficients of the 
two components of Helium II. 


* Supported in part by the Office of Naval Research. 


A3. Theory of Transport in a Moderately Dense Rigid 
Sphere Mixture. R. A. Harris AND S. A. Rice, University of 
Chicago.—A. modified Boltzmann equation suitable for the 
description of the single distribution function in a moderately 
dense mi.ture of rigid spheres has been derived from Liouville’s 
equation by the use of time smoothing and phase space 
distribution functions.! The solution of this equation, and the 
ca)culation of the flux vectors and the transport coefficients 
will be discussed. The return to equilibrium of a small per- 
turbation in momentum space is calculated, including the 
first density correction to the relaxation time. 


1S. A. Rice, J. G. Kirkwood, J. Ross, and R. W. Zwanzig, J. Chem. Phys. 
31, 575 (1959). 


A4. Half-Range Collision Integrals for Maxwellian Mole- 
cules. S. ZIERING, Raytheon Company.—In previous reports? 


Contributed Papers 


treating the problems of linear shear and heat flow in parallel 
plate geometry, a half-range moment expansion of the 
distribution function was given for arbitrary values of the 
Knudsen number. The general case of molecules interacting 
with an inverse law of force F= Kr~* was considered. Numeri- 
cal results were presented for the case of hard sphere molecules 
(s=«). We now give the half-range collision integrals for 
Maxwellian molecules (s=5) which have been evaluated 
numerically. The problems of shear and heat flow are 
reconsidered in this light. 


1 E. P. Gross and S. Ziering, Phys. Fluids 1, 215 (tO50., 
2 E. P. Gross and S. Ziering, Phys. Fluids 2, 701 (1959). 


AS. Diffusion of a Fully Ionized Gas Confined in a Strong 
Magnetic Field.* Toyox1 KoGa, University of Southern 
California.—We treat the transport phenomena of a fully 
ionized gas in the presence of a strong magnetic field. It 
is shown that there is a certain domain in the density- 
temperature space where the Boltzmann equation is valid. 
The mean free path is assumed to be longer than the mean 
Larmor radius. We construct an average of the Boltzmann 
equation along a circular trajectory of gyrating particles. By 
this method of coarse graining, the Boltzmann equation is 
reduced to the equation of diffusion. It is not assumed that 
the distribution function is close to the Maxwell function. 
A special case of constant average energy per particle is 
treated in detail. The results are similar to those published by 
other authors, in spite of our making no specific assumption 
concerning the distribution function: The effect of the 
collisions between similar particles is negligible, and the ions 
and electrons diffuse almost at the same velocity. It is easily 
possible te apply the method to more general cases. 


* Supported by Office of Scientific Research, United States Air Force. 


A6. Studies of Sputtering by Beam Techniques.* F. C. 
Hurvsut, University of California, AND R. P. Stein, Lockheed 
Missile and Space Division —The removal of surface atoms by 
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ion or neutral particle bombardment has become a subject of 
interest to the aeronautical scientist since the energies of 
particle impact at satellite velocities are of the same order 
as the energies of chemical binding. Careful experimental 
work is required to provide adequate tests of the theories. 


B2. An Approximation to the Plasma Density near a 
Spherical Satellite. C. L. Dotpn, University of Michigan (in- 
“troduced by K. M. Siegel).—A first approximation to electron 
and ion density near a spherical satellite at an altitude of 300 
miles has been computed from the solution of the collision- and 
force-free Boltzmann equation obtained by S. Wang Chang? 
under the hypothesis of electrical neutrality for diffuse 
boundary conditions on the sphere. More explicitly, it is 
argued that because of the small charge on the sphere, the 
ions will in the first approximation follow the same density 
distribution as neutral particles and that the large static 
electrical forces present in a fully ionized plasma will in turn 
force the electron distribution to be of approximately the 
same form as the ion distribution. The result of this calculation 
reveals the existence of a cavity behind the satellite extending 
approximately fifty radii downstream for a molecular speed 
ratio of five. The Chang distribution and the results obtained 
from it will be used as the starting point of a perturbation 
process in subsequent work. 


1S. Wang Chang, Transport Phenomena in Very Dilute Gases (University 
of Michigan, December, 1950), II, UMH-3F. 


B3. Steady State Solutions of the Radio-Frequency Discharge 
with Flow. Mary F. Romi, Convair Scientific Research Labora- 
tory.—The electron density distribution and diffusion length 
have been investigated analytically for a radio-frequency 
discharge acting over a finite portion of an infinite cylinder 
in which there is a uniform axial gas flow. This geometry 
simulates to some extent flow in a plasma tunnel.! The peak 
of the electron density distribution shifts downstream as a 
function of the gas flow parameter but never leaves the 
region of production. A quantitative relationship has been 
obtained for the influence of active cylinder length and gas 
flow parameter upon the diffusion length. 


1H. U. Eckert, J. Aero./Space Sci. 26, 8 (1959). 


B4. Plasma Flow over a Thin Charged Conductor. H. 
YOSHIHARA (introduced by J. Bond).—The flow of a dense 
plasma over a two-dimensional thin conductor is investigated 
where the free stream velocity is subsonic and supersonic 
with respect to the electron and positive ion thermal speeds, 
respectively. Magnetic effects are assumed to be absent, and 
only electrostatic effects are considered. By postulate the 
governing equations for the ion motion are taken as the Euler 
equations whereas for the electrons, thermodynamic equili- 
brium under the electrostatic force field is assumed. Poisson’s 
equation completes the system of equations. By assuming 
the existence of a velocity potential for the ion motion the 
basic equations can be reduced to a single, linear, fourth-order 
partial differential equation for the electrostatic potential or 
the ion velocity potential which is twofold elliptic and twofold 
hyperbolic. The flow over a sinusoidal wall is then analyzed, 
and the results used to determine the flow over a symmetric 
cusped body formed by segments of the sinusoidal wall. The 
results show that the electrostatic potential field divides into 
two regions, the Debye boundary layer adjacent to the wall, 
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In this paper an apparatus for the study of the sputtering of 
alkali metals as a function of beam energy and the angular 
parameters is described and the preliminary results are 
discussed in light of a simple two-body collision theory. 


* Work partially supported by the Office of Naval Research. 


and the field external to this. Within the Debye layer the 
potential reflected predominantly an “elliptic’’ character 
(exponential attenuation normal to the wall) being directly 
related to the surface charge. 


BS. Magnetohydrodynamic Channel Flow of a Perfect Gas 
for the Generation of Electrical Power.* G. W. Sutton, 
General Electric Company.—The steady quasi-one-dimensional 
inviscid flow of a gas with a scalar conductivity is considered 
in a channel with mutually perpendicular electric and magne- 
tic fields at right angles to the flow direction. The solution for 
constant area flow and constant electrical conductivity has 
been previously obtained.! The solutions for constant temper- 
ature, constant pressure, constant density, and constant 
velocity flow are presented; the last for a conductivity that 
possesses p power dependence on temperature. The equations 
are specialized to the case of generation of electrical power 
by the induced electromotive force. Calculations are made of 
the lengths required to extract a given fraction of initial total 
enthalpy as electrical power. The constant velocity flow yields 
the minimum length while the constant pressure flow has the 
least increase in cross-sectional area. Limitations of the 
calculations are discussed. 


* Sponsored by the U. S. Air Force, Ballistic Missile Division. 
1E. L. Resler and W. R. Sears, J. Aero. Sci. 25, 235 (1958). 


B6. Radial Plasma Accelerator. B. Popotsky G. 
Borman, General Electric Company Flight Propulsion Labora- 
tory.—A problem of radial acceleration of a conducting in- 
viscid ideal gas was solved by a numerical integration of the 
appropriate differential equations. Using cylindrical co- 
ordinate system (r,0,z) the electric field was assumed to be 
constant and in the z direction and the magnetic field in the 
@ direction and inversely proportional to r. The following 
simplifying assumptions were made: conductivity was as- 
sumed to be a constant scalar, the flow was assumed to be 
radial in direction and a function of r only, magnetic Reynolds 
number was assumed small, and thermal conductivity was 
assumed to be zero. Analysis of the results showed the existence 
of a simple asymptotic form of solution applicable within the 
range of interest in space vehicle propulsion. 


B7. Plasma Propulsion.* G. L. CANN anp A. C. Ducati, 
Plasmadyne (introduced by G. Giannini).—The results of two 
years of experimental and analytical studies on plasma 
propulsion are presented. Emphasis is placed on the over-all 
system capabilities of various propellant substances. Propel- 
lants have been chosen for detailed study using the criteria 
of: specific impulse capability, efficiency of converting 
electrical power into effective jet power, ease and efficiency 
of storage, availability and cost, and flexibility of propulsor 
performance. The propulsion studies can be broken down as 
follows: (1) A generalized rocket analysis was made to 
determine desirable specific impulse, ratio of propellant-to- 
power plant mass, ratio of total rocket-to-payload mass, 
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effect of propellant tank structure constant and other relevant 
parameters as a function of the mission requirements. (2) A 
number of substances that looked promising from preliminary 
considerations were picked and their thermodynamic proper- 
ties have been computed and plotted on Mollier charts. To 
date, argon, helium, lithium, lithium hydride, and hydrogen 
have been completed. Methane, water, and ammonia are 
being worked on at present. (3) A rather elaborate facility 
has been designed around a cantilever suspension of the 
plasma jet head, constructed and put into operation for 
actually measuring the specific impulse, electric energy to jet 
energy conversion efficiency, and other relevant parameters. 


* Supported by the U. S. Air Force. 


Bs. A Generalization of Kutta-Joukowsky-Filon Theorem 
to Magnetohydrodynamics. HipeENoRI Hasimoto,* The Johns 
Hopkins University (introduced by L. S. G. Kovasznay).—A 
cylindrical body immersed in an incompressible viscous 
electrically conducting fluid having a parallel uniform velocity 
and a parallel uniform magnetic field at infinity (they may 
form an arbitrary angle but they are both perpendicular to 
the generator of the cylinder) is the subject of the analysis. 
Contour integrals of the velocity and of the magnetic field 
can offer formulas for the lift and drag in an analogous 
manner to the well-known theorems for nonconducting fluids, 
for the following several cases: (1) aligned magnetic field at 
infinity, including the axisymmetric case (generalization of 
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Goldstein's theorem); (2) magnetic Prandtl number 1; (3) 
negligible inertia term compared to the magnetic term. 

*On leave from Kyoto University, supported by the International 
Cooperation Administration under the Visiting Research Scientist Program 
administered by the National Academy of Sciences of the United States of 
America. 


B9. Shock Tube Studies of Electric Breakdown in High 
Temperature Nitrogen. D. R. Waite, A. H. SHARBAUGH, P. 
K. Watson, T. H. Lee, anp A. GREENWOOD, General Electric 
Company.—In a series of exploratory experiments, an 18 psec 
voltage pulse was used to produce a semiuniform electric field 
between plane electrodes 1 cm apart in an 8.25 cm shock tube. 
In most cases an incident shock wave technique was used, so 
that gas temperature and velocity were not independent, 
maximum values of 3000°K and 2 x 105 cm/sec being obtained. 
A density of 0.25 amagat was maintained throughout so that 
a constant value of breakdown potential would be expected 
according to Paschen’s law. The breakdown voltage was 
observed to rise with increasing shock strength, reaching a 
maximum at about 1000°K which is about 15% above the 
static value. With further increase in temperature the strength 
falls, and at 3000°K is about one-half its static value. The 
initial increase is attributed to the effect of gas velocity, 
probably enhanced by the nonuniformity of the electric field; 
and the subsequent decrease, to thermal ionization. The arc 
drop increased rapidly with time behind the incident shock; 
however, in the reflected shock experiments the arc drop 
remained relatively constant in the nearly stagnant gas. 


Cl. Stability and Instability Phenomena in Rotating Fluids. Dave Futtz, University of Chicago. 


(30 min.) 


C2. Nonlinear Effects in Convection Problems. F. E. 
Bissnorp, Brown University (introduced by W. H. Reid).— 
The nonlinear equations governing thermally induced con- 
vective motions in a plane liquid layer of infinite extent have 
been examined with the intent to determine solutions by a 
perturbation theory. The problem has been treated in the 
Boussinesq approximation and the following assumptions 
have been made: (1) that the motions appear in a periodic 
array of regular polygonal cells and that they are time- 
independent; (2) that in the Fourier decomposition employed 
in the description of the horizontal periodicity the terms 
derived from the fundamental wave vectors all have the same 
functional dependence on 2; (3) that the harmonic terms in 
the expansion are less than the fundamental terms by at 
least an order of magnitude. The form and amplitude of the 
motions are computed for all admissible values of the magni- 
tude |k| of the fundamental wave vectors. Finally the 
stability of the resulting flow patterns is examined, and it is 
found that no stable three-dimensional cell pattern can be 
described in terms of a single wave number. 


C3. Viscous Force and Torque Constants of a Cylindrical 
Particle. S. BkoersmMa, University of Oklahoma.—The viscous 
flow constants of a cylinder have been calculated on the basis 
of the Oseen-Burger method, including width/length (b/a) 
terms. With these constants being inversely proportional to 
log(2a/b) —y, the average result for 7 is 1.4 for the case of 
rotation 1.1 for translation lengthwise and 0.2 for translation 
sideways. Experimental results obtained with macroscopic 
models agree within the precision of y (+0.2). This is 10% 
if the constants of the cylinder and the corresponding ellipsoid 
do not differ more than about 50%. Values found for the 
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rotational diffusion constant of a cylindrical virus in water 
(O’Konski and Haltner) also fit within 10%. Using Oberbeck’s 
equations it can be shown that the O-B method is exact to a 
first order. Furthermore, second order terms enable us to 
satisfy the condition of nonslipping at the surface for the 
velocity components perpendicular to the principal direction. 
The corresponding second order term in the equation for the 
principal velocity thus can be obtained. For objects with 
sharp edges a machine computation with a limited number of 
force centers is to be preferred over an approximate analytical 
solution. 


C4. Epihydrodynamics: The Dynamics of Liquids under 
the Action of Surface Tension Forces. E. T. BENEDIKT, Norair. 
—Situations in which gravity (or, equivalently, inertial forces) 
suddenly cease to act upon liquids with free surfaces frequently 
present themselves in space technology. In such cases, the 
liquid will move under the action of surface tension forces in 
such a manner as to change its initial configuration to one 
(generally a sphere) corresponding to a minimum of surface 
energy. The dynamics of such processes will be discussed. 
Examples confirming the results of previous estimates! will 
be reviewed. 


1E. T. Benedikt, Jet Propulsion 29, 150 (1959). 


CS. On the Role of Large Eddies in Shear Layers. J. R. 
WeEsKE, University of Maryland.—Investigation of the struc- 
ture of vortices extending across the shear layer along a plate 
proves these to be of special significance since their analysis 
shows that direct mutuality exists between these vortices 
and a mass transport normal to the surface. The process of 
formation of these vortices and the three-dimensional flow 
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within them can be related to the mechanics of rotational 
flows and of the pattern of viscous flow in vortices. Relations 
for the size of individual vortices and for their spacing 
within the shear layer have been defined and determined 
experimentally. 


C6. Analysis of Multipoint-Multitime Correlations and Dif- 
fusion in Decaying Homogeneous Turbulence. R. G. DEts- 
SLER, Lewis Research Center, NASA (introduced by J. W. 
Blue).—A two-point, two-time correlation equation is ob- 
tained by considering the Navier-Stokes equations for two 
points in a turbulent fluid at two different times. By neglecting 
the triple correlations in the equation, a solution is obtained 
for the final period of decay. It is found that the time cor- 
relation coefficient is independent of time separation for that 
period. The spread of the diffusion wake from a line source in 
a decaying turbulent stream is also calculated approximately. 
The analysis is extended to earlier times by considering the 
Navier-Stokes equations a* three points in the fluid at three 
different times. The resulting set of equations is made deter- 
minate by neglecting the quadrupole correlations in com- 
parison with the triple correlations as in a previous paper.! 
The time correlations at still earlier times could be obtained 
by considering the turbulent fluid at a larger number of points 
and times. The theoretical results for diffusion from a line 
source are similar to those obtained experimentally. 


1R. G. Deissler, Phys. Fluids 1, 111 (1958). 


C7. Decay of Temperature Fluctuations in Homogeneous 
Turbulance before the Final Period. A. L. LoEFFLer, Jr., 
AND R. G. DEISSLER, Lewis Research Center, NASA (intro- 
duced by }. W. Blue).—A previous analysis' of homogeneous 
turbulence for times before the final period has been extended 
to the case of temperature fluctuations in a homogeneous 
turbulence. The method consists essentially of simultaneous 
solution of the 2- and 3-point Fourier-transformed temperature 
equations after neglecting the fourth order correlations in 
comparison with the second and third order correlations. 
Results are obtained for the convective transfer function, 
the spectral “energy."” Comparison is made between the 
analysis and experimental data obtained using air.2 The 
decay law obtained may be written T? = A(t —to)-§+ B(t —to)-5 
where 7? is the total “energy” (the mean square of the 
temperature fluctuations), ¢ is the time, and A and fp are 
constants determined by the initial conditions. The constant 
B depends on both initial conditions and the fluid Prandtl 
number. For large times the last term becomes negligible 
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leaving the — § power decay law for the final period previously 
found by Corrsin.* 
1R. G, Deissler, Phys. Fluids 1, 111 (1958). 


2R. R. Mills et al.,. NACA TN 4288 (August, 1958). 
* Stanley Corrsin, J. Aero. Sci. 18, 417 (1951). 


C8. On Laminar Free Convection Flows in Cavities.* V. C. 
Liu AND Howarp JEw, University of Michigan.—A theory is 
developed for the velocity and temperature fields due to 
laminar free convection in two-dimensional cavities, closed at 
the bottom and opening into a reservoir of cool fluid at the 
top. The outstanding feature of the present problem concerns 
the effect of confinement and heat conduction at the walls on 
the laminar free convection flow vi a fluid in an external 
force field. It thus involves the interaction of the velocity 
and the temperature field. In an earlier study by Lighthill,' 
some estimates of the useful heat transfer and flow parameters 
for special cases were obtained by approximate methods of 
solution (of the Karman-Pohlhausen type) to the boundary 
layer equations. The present paper gives a general solution of 
the flow by solving the boundary value problem with the 
Navier-Stokes equations and the equation of heat transfer. A 
numerical method is developed based on the use of orthogonal 
polynomials which reduces the solution of the governing 
equations to the numerical solution of two sets of coupled 
algebraic equations. The numerical analysis by iteration 
process is accomplished with an electronic digital computer. 
Streamlines and isothermals have been plotted for various 
values of Rayleigh number. 


* Sup one in part by the U. S. Signal Corps and Air Force Cambridge 
enter. 
1M. J. Lighthill, Quart. J. Mech. Appl. Math. 6, 398 (1953). 


Co. A Boundary Layer Related to the Bath Outflow 
Problem. R. F. CuHisnett, M.J.T. (introduced by George 
Backus).—A circular disk is considered for a mainstream 
U=—m/r+Q/r, where r is the distance along the disk from 
its center. This mainstream represents a sink at the center of 
the disk and a line vortex passing through the center of the 
disk. The radial momentum equation is satisfied on the disk 
and integrals of the radial and transverse momentum equa- 
tions, based on Timman’s profiles, are also used. Two ordinary 
differential equations are solved numerically for a form 
parameter in the radial velocity and the ratio of the radial 
and transverse boundary layer thicknesses as functions of r. 
The integrations are performed for several values of the 
parameter Qr,/m, where 1; is the radius of the disk. The 
author believes that the transport of vorticity in the boundary 
layer toward the center of the disk is connected with the 
growth of the vortex above the plug-hole in outflow from a 
bath. 
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D2. A Magnetically Installed Shock Tube. R. G. FowLer 
AND E. B. Turner, Space Technology Laboratories.—Pre- 
liminary results are reported on a type of electrical discharge 
shock tube utilizing a longitudinal magnetic field. The 
purpose of the field is to inhibit heat transfer to the walls of 
the tube thereby allowing a higher temperature plasma in 
the electrical discharge section of the tube and reducing the 
attenuation of the resulting shock wave. A linear geometry 
is used to simplify the analysis. The magnetic field of up to 
18 000 gauss is produced by a capacitor discharge through a 


solenoid coil enclosing the tube. The shock tube is made of 
1-in. Pyrex pipe 3 ft long. The gaseous discharge from a 50 
uf, 8 kv capacitor bank takes place between a ring electrode 
and a button electrode spaced 6 or 9 in. apart. The electrodes 
are split to admit the magnetic field. Experimental results 
show a decrease in the resistance and inductance of the 
gaseous discharge with an increase in field. The latter is due 
to inhibiting a pinch with the longitudinal magnetic field. 
The shock velocity at 30 cm from the ring electrode, for 
example, is increased from M,=26 to 46 by a 12000 gauss 
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field at 150 uw pressure of De. At 40 u pressure and 18 000 gauss 
a luminous front moving at more than 20 cm/ysec is observed. 


D3. Electrons as a Shock Driver.* Rk. G. FowLER AND G. W. 
Paxton, University of Oklahoma.—tThe electric shock tube, 
under close scrutiny, generally exhibits two basic, consecutive 
luminous fronts which display the superficial characteristics 
of shocks. Careful timing studies have shown that the first of 
these is set in motion much too promptly to originate in 
energy stored in the thermal motion of the massive particles 
of the system although the second one is delayed by the 
appropriate time to be a thermal shock. Other characteristics 
also seem to indicate that the early front is related to the 
electron temperature rather than gas temperature, so that in 
some sense at least we believe that the first front is driven by 
the pressure of the electron gas. 


* Supported by the United States Office of Naval Research. 


D4. Nonstationary Electron Diffusion Processes ahead of 
Strong Shock Waves.* H. D. WeryMANN, University of 
Maryland.—Detailed investigations with a previously devel- 
oped electrostatic probe! showed that a strongly nonstationary 
electron diffusion process accompanies the propagation of 
strong shocks (M, about 10) into argon. The signals obtained 
with the electrostatic probe show rather sharp fronts, the 
velocities of which have been determined as a function of the 
distance from the shock front and the time. Between the 
breaking of the diaphragm and the first appearance of the 
diffusion signal there is a delay time which depends in a 
characteristic way on the diaphragm material and the 
relaxation time for ionization of the gas. 

* Supported in part by the Air Force Office of Scientific Research. 

1H. D. Weymann, “On the mechanism of thermal ionization behind 
strong shock waves,"’ Institute for Fluid Dynamics and Applied Mathe- 


— University of Maryland, College Park, Tech. Note BN-144 (July, 
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DS. Electrostatic Effects in Shock Tube Flow.* F. A. 
GrossE, Lehigh University (introduced by David Weimer).— 
A narrow copper foil wrapped around the outside of a Lucite 
or glass shock tube is connected to the input terminal of an 
oscilloscope. There is no closed circuit to ground. With the 
arrival at the foil of the shock in nitrogen gas, a voltage pulse 
is observed. The magnitude and duration of this pulse vary 
with shock strength, typical values being 0.025 v for M,=1.2 
and 5 v for M,=7. The form of the pulse depends upon the 
distance of the foil from the diaphragm. Following the initial 
pulse, irreproducible voltage variations are observed as the 
cold front approaches the foil. The charge conveyed to the 
foil during the first few hundred usec is of the order 10-” 
coulombs. Equilibrium ionization in nitrogen at the shock 
strengths involved is such that even complete separation of 
ions and electrons from the entire body of hot gas would 
supply only 10-” coulombs. Even such an easily ionized 
impurity as sodium could not account for the charge accumu- 
lated for the weak shock case. One wonders whether there is 
charge separation with the establishment of shear flow in the 
gas boundary layer. 

* Supported by the National Science Foundation. 


D6. Studies of the Luminous Gas behind Reflected Shock 
Waves: I. L. R. Donerty, University of Michigan (introduced 
by Otto Laporte).—The stationary gas volume produced by 
strong shock reflection in a one-dimensional shock tube is 
now a familiar spectroscopic source. Uniform flow theory 
predicts the state of this gas from the primary shock speed 
alone; however, wall effects in the primary flow require that 
corrections of this state be made, particularly for experiments 
in which the details of line spectra are sensitively dependent 
on the thermodynamic variables. The disagreement between 
predicted and observed reflected shock speeds in neon has 
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been used to evaluate an added momentum term in the 
conservation equations. This term provides empirical cor- 
rections of the state variables for that portion of the flow 
which is brought to rest in the spectrographic line of sight. 
The agreement of spectroscopic and hydrodynamic temper- 
ature in the stationary gas has also been investigated. 
Calculations of radiative and collisional rates of atomic 
excitation show that the absence of a Planck radiation field 
produces only small deviations from thermodynamic equili- 
brium at typical shock tube densities. Time-resolved spectra 
of the luminosity near the end wall in neon-hydrogen mixtures 
have been photographed and calibrated with a carbon arc. 
Absolute intensities and line widths for Hg are consistent 
with a model of the stationary gas using equilibrium radiation 
laws and the proposed hydrodynamic corrections. 


D7. Studies of the Luminous Gas behind Reflected Shock 
Waves: II. T. D. WiLKErsoN, University of Michigan.—Time- 
resolved emission spectra of Cr(1) and Cr(II) are obtained 
from the gas behind primary and reflected shock waves in a 
one-dimensional shock tube. The premixed test gas is neon 
with at most ;%% Cr(CO). vapor. Heterochromatic photome- 
try is applied to measurements of CrI line intensities behind 
the reflected shock. Films are calibrated with a standard 
carbon arc and a General Electric FT-230 xenon flash lamp. 
In experiments for which the chromium abundance (and 
hence the optical depth) is small, Cr(1) excitation temper- 
atures Tg are measured using lines of known relative gf value. 
For kinetic temperature T7~5000°K, then Tg~T; but, 
contrary to expectation, Tg is only about 6000°K for 
T~10 000°K. This discrepancy is not caused by a severe 
failure of the shock equations or by a lack of thermal equilib- 
rium, but is due instead to (1) extreme Cr(I) ionization at 
high temperature and low abundance, and (2) the existence 
of a thermal transition layer which insulates the main body 
of gas from the tube walls. Over 95% of the emitted light 
originates in the transition layer at an effective temperature 
of 6000 to 65 000°K. A lower bound on the layer effects is 
provided by an isobaric, zero-velocity heat conduction model 
which includes the temperature variation of thermal con- 
ductivity. Discussion will also be given of pressure measure- 
ments with a Kistler PZ-6S transducer. 


D8. Heat Transfer from Dissociated Oxygen in a Shock 
Tube.* R. A. HARTUNIAN AND P. V. MARRONE, Cornell Aero- 
nautical Laboratory, Inc. (introduced by C. E. Treanor).— 
Measurements of the laminar heat transfer from dissociated 
oxygen to the sidewalls of a shock tube have been made over 
the range of shock Mach numbers of 4-14 (up to 40% disso- 
ciation). In most experiments the gas was in thermochemical 
equilibrium throughout. Numerical solutions of the equilib- 
rium shock-tube wall boundary-layer equations have been 
obtained for several values of the Lewis number. Variation of 
the product of the density and viscosity through the boundary 
layer was included. The results of the theoretical calculations 
indicate the heat transfer to be weakly dependent upon the 
Lewis number for the sidewall boundary layer, so that compar- 
ison of theory and experiment leads to determination of the 
viscosity coefficient of the shocked gas. Results of the present 
study indicate that use of Sutherland’s formula or Lennard- 
Jones 6:12 potentials to calculate the viscosity coefficient of 
oxygen underestimates this quantity at temperatures between 
2000-4000°K by up to 50%+15%. Modifications to the 
thin-film resistance thermometer technique have been 
developed whereby the effects of surface catalytic efficiency 
on the heat transfer from a dissociated gas could be studied. 


* This research was supported by the U. S, Air Force. 


D9. Shock-Initiated Detonations. R. A. STREHLOW AND 


ARTHUR COHEN, Ballistic Research Laboratories.—The initia- 


132 


tion of detonation is being studied using a 4-in. i.d. shock tube 
which has been specially constructed to prevent premature 
detonation of highly exothermic gas mixtures. The initiation 
is observed behind the reflected shock using an 8-in. schlieren 
system which can look at flow behavior (x—t photographs) 
at the back wall of the shock tube. Data have been taken in 
hydrogen-oxygen-argon mixtures containing 70% or more 
argon. Results indicate that the detonation is formed from a 
pressure wave generated by an adiabatic explosion occurring 
near the back wall. In the hydrogen-oxygen system the 
detonation wave is followed by a well-defined reaction zone 
which slowly approaches the detonation front. In weak 
mixtures (ca. 94% argon) the pressure wave has not been 
observed to form a separate detonation but simply accelerates 
the reflected shock wave. This pressure wave is followed by 
a reaction wave which slowly approaches the reflected shock. 
The measured delays to adiabatic explosion are being used to 
study the over-all kinetics of the hydrogen-oxyger reaction. 


D10. Ionization in Seeded Detonation Waves.* S. Basu 
AND J. A. Fay, M.I.T.—Using a vertical detonation tube, 
aerosols of fine potassium acetylide (C:HK) were generated 
in equimolal oxy-acetylene mixtures at #5 atmosphere initial 
pressure. The concentration of the powder at the test section 
was determined by a sedimentation technique. Detonations 
were initiated in the aerosol and the electrical conductivity 
of the gas behind the detonation front was measured using 
Lin’s method.! The measured values were compared with 
theoretical results based on thermodynamic equilibrium 
calculations, which included the cooling effect due to the 
heat capacity of the additive. Predicted and measured 
conductivities have approximately the same dependence on 
the mole fraction of potassium which was varied from 10~* to 
10-1. With a value of 10-5 cm? for the electron-gas (CO, H, 
and Hz) collision cross section, absolute values agreed within 
a factor of two, the agreement improving with increasing 
mole fraction of potassium. A value of 2 10-' cm* gave good 
agreement between theory and experiment. The maximum 
measured conductivity was 2.7 mho/cm and occurred at 3% 
potassium in the product gases. 


* This work supported by the Office of Naval Research. 
1S. C. Lin, E. L. Resler, and A. Kantrowitz, J. Appl. Phys. 26, 95 (1955). 


El. On a Nonlinear Theory of Three-Dimensional Oscilla- 
tions in Shear Flows.* D. J. BENNEy anv C. C. Lin, M.I.T.— 
Three-dimensional periodic oscillations in the shear flow 
region between two parallel streams are considered up to the 
second order of the oscillation amplitude. It is shown that, as 
an integral part of the oscillation, there is a steady secondary 
flow in the nature of a longitudinal vortex. The intensity of 
this secondary flow is everywhere of the order of a*(aR)}, 
where a is spanwise variation of the amplitude of the oscil- 
lation outside of the critical layer, and (aR)! is the familiar 
factor associated with its thickness (R being the Reynolds 
number of the basic flow, and a being the wave number of 
the primary oscillation). It is suggested that this is one of the 
important features of three-dimensional effects in the process 
of transition and fully developed turbulence. Despite the 
dissimilarity in the profile of the basic flow, several of the 
principal features of the calculated results can be compared 
with those observed for the Blasius flow by Schubauer, 
Klebanoff, and Tidstrom at the National Bureau of Standards. 


* Supported in part by the Office of Naval Research. 


E2. Growth of Localized Disturbances in a Laminar 
Boundary Layer. W. O. CriminaLe, Jr., AND L. S. G. Kova- 
SZNAY, The Johns Hopkins University.—The classical laminar 
instability theory predicts the growth (or decay) rate and 
phase velocity of two-dimensional small disturbance waves. 
In order to study the growth and “diffraction” of a localized 
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spot-like disturbance, the initial disturbance is synthesized 
from all possible waves whose propagation velocities and 
amplification rates follow the two-dimensional theory by 
Squire’s generalization. The initial period can be solved 
explicitly and the asymptotic behavior is also predicted. 
Further inferences can be made concerning the role which 
localized disturbances can play in ultimate transitions to 
turbulent motion. 


E3. Cross Waves. L. N. Howarp, M.I.T. (introduced by 
C. C. Lin).—A study has been made of standing water waves 
of finite amplitude in a deep rectangular box, using the 
second-order theory of surface waves. The waves can be 
thought of as driven by periodic motion of the ends of the 
box, near the resonant frequency for a two-dimensional wave. 
Under certain conditions it is found that besides the ordinary 
two-dimensional standing wave, there is another solution, with 
a three-dimensional character, usually at half the driving 
frequency. With suitable values of the amplitude of the 
driving oscillation and the ratio of width to length of the box 
this three-dimensional wave consists principally of a two- 
dimensional half-frequency standing wave with crests 
perpendicular to the vibrating ends. In general the ‘‘cross- 
wave” solution is possible only if the driving amplitude is 
relatively large, but in special cases it can be excited very 
easily and can attain an amplitude much larger than that of 
the ordinary two-dimensional wave. Cross waves at the full 
frequency are also possible under suitable conditions. A few 
qualitative observations of this phenomenon have been 
reported incidentally by G. I. Taylor in his experimental 
study of standing waves of large amplitude. 


E4. Experiments on Transition to Turbulent Flow in a 
Tube.* A. M. Kuetne, University of Michigan, anv K. R. 
Raman, Lockheed Missile and Space Division.—Hot-wire meas- 
urements of velocity fluctuations, Reynolds stresses, and 
shearing stresses at the wall in the transition region of a tube 
are presented. Transition was excited by annular projections 
at the wall and by annular wire rings at different radial 
positions in the fully developed laminar flow 620 diam down- 
stream of the entrance. The results show that the transition 
Reynolds number is a function of the magnitude of the 
disturbance. Measurements at a Reynolds number of 6000 
show further that the velocity fluctuations, Reynolds stresses, 
and the wall shearing stress during the early stages of transi- 
tion can reach values considerably higher than those in the 
fully developed turbulent flow. Implications are pointed out 
regarding possible causes for the high temperature recovery 
factor during transition in high speed flow over surfaces. 


* This work was supported by the U. S. Air Force Office of Scientific 
Research. 


ES. Measurements of the Pressure Field at the Boundary 
of a Fully Developed Turbulent Pipe Flow. G. M. Corcos anp 
W. Von WINKLE, University of California (introduced by L. 
Talbot).—Some characteristics of the turbulent pressure field 
at the wall of a pipe have been measured. They include root- 
mean-square pressure levels, frequency spectra, longitudinal 
space-time correlations, and some preliminary measurements 
of lateral space-time correlations. The data demonstrate a 
close similarity to those of Willmarth! for corresponding 
measurements at the wall of a boundary layer. The magnitude 
of the rms pressure levels is found to be of the same order in 
both cases. Longitudinal space-time correlations exhibit in 
the pipe (as well as in the boundary layer) the existence of an 
apparent downstream convection of the pressure field at a 
rate which is a fixed fraction of the characteristic mean 
discharge velocity of the pipe flow. However, evidence was 
found that the pressure field is not only convected but also 
dispersed within time intervals smaller than the (convective) 
time scale. The frequency spectral resolution of the longi- 
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tudinal space-time correlation yields a relationship between 
convection velocity and frequency, higher frequencies being 
convected more slowly than lower ones. Preliminary measure- 
ments indicate that a characteristic length for lateral space 
correlation is of the same order as that for longitudinal space 
correlation for simultaneous measurements. 


1W. W. Willmarth, “Space-time correlations and spectra of wall pressure 
in a turbulent boundary layer,"", NASA Memorandum 3-17-59W. 


E6. Theoretical Investigations of the Effects of the Uniform 
Injection of Gases into the Laminar Boundary Layer of a 
Supersonic Stream of Air in a Tube. S. I. FREEDMAN AND 
JoserpH Kaye, M.J.T., J. R. RaApBILL, Aerojet-General 
Cor poration.—Theoretical calculations of the effects of diffusion 
of helium, air, argon, and iodine into the laminar boundary 
layer of a supersonic stream of air in a tube are reported. 
Transport properties were calculated using the NBS values 
for air and a Lennard-Jones 6-12 potential for the other gases. 
Results for perfect gas behavior indicate the effect of variations 
in the thermodynamic and transport properties of a binary 
mixture on the temperature recovery factor. Calculations for 
the recovery factor along the tube with uniform air or uniform 
argon injection agree within 1% with experiments, to be 
reported in detail separately. Calculations for uniform 
injection of helium predict an 8% rise in the recovery factor 
while experiments show a 1% rise. This difference between 
theory and experiments for uniform injection of helium may 
be attributed to an inadequacy in the usual combination 
rule for the depth of the potential-well parameter of a helium- 
air mixture. These results for uniform injection agree with 
experiments and show only very small (2%) changes in the 
recovery factor in contrast to the large (40%) reductions 
predicted for injection with the rate inversely proportional to 
the square root of the distance from the leading edge. 


E7. Velocity Measurements in Thin Boundary Layers.* 
S. J. LuKastK anp C. E. Groscu, Stevens Institute of Tech- 
nology.—Conventional probe techniques for measuring fluid 
velocities in boundary layers encounter difficulties when the 
boundary layer is thin, i.e., of the order of the probe dimension. 
Following the work of Geller! a technique has been developed 
employing electrolytically generated bubbles that avoids this 
difficulty and is, furthermore, well adapted to making rapidly 
complete velocity profile measurements in unsteady flows. 
A motion picture camera is fitted with a commutator to 
generate an electrical pulse at each shutter opening. Every 
10th pulse is written on a recorder to provide a speed record 
and every 100th pulse triggers a current discharge through a 
0.003 in. Pt wire immersed in an electrolytic fluid. The 
camera photographs the subsequent motion of the bubbles 
that are formed. Analysis of the resultant photographic 
record provides a complete velocity profile within a time 
interval of the order of 10 frames and a profile is obtained at 
time intervals of 100 frames. Measurements of the velocity 
profile in the flow of water between infinite parallel plates of 
$ in. separation and at mean velocities of the order of 1 in./sec 
will be presented. The processes of bubble formation, release 
from the wire, acceleration in the flow, and the application to 
the measurement of the boundary layer under a shallow water 
wave will be discussed. 


* Work supported by the U. S. Navy, Bureau of Ships. 
1 E. W. Geller, MS thesis, Mississippi State University (1954). 


E8. Study of Shock Tube Boundary Layer Structure with 
Oil Drop Tracers.* CHE-JEN CHEN AND R. J. Emricn, Lehigh 
University.—Octoil-S loaded with titanium dioxide powder is 
sprayed into a glass walled shock tube channel with an 
atomizer. After all droplets larger than 1 w» have settled out 
(about 4 min), the shock tube is operated and a flow is 
established in the air containing the fog of oil drops. Motion 
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of some droplets is measured by a micrographic camera 
(magnification 16), focused on a plane within the tube which 
is illuminated by an oscillating spark. Scattered light from 
the particles produces a series of streaks for each. Since a ly 
particle acquires 99% of the flow velocity within 5 ysec it is felt 
that the velocity distribution of the droplets is a good measure 
of the flow. Both laminar and turbulent profiles have been 
plotted. In the region y/é less than 0.1, the profiles depart 
markedly from Mirels’ laminar prediction and the 1/7 or 1/10 
power turbulent profiles usually used. It appears that the 
velocity at the wall is not zero, since the observed velocity at 
5 uw from the wall is 50 times the velocity predicted by Mirels 
using the no-slip condition. 


* Supported by the Office of Naval Research and the National Science 
Foundation. 


E9. A Theory for the Laminar Sublayer of a Turbulent 
Flow. J. STERNBERG, Ballistic Research Laboratories.—The so- 
called laminar sublayer is shown to be the region where the 
eddies of the turbulent flow are damped by viscosity. The 
large scale eddies containing most of the turbulent energy 
move downstream at a velocity approximately 0.75 of the 
free stream velocity. Thus Taylor’s hypothesis does not apply 
to these large scale eddies near the wall. As a first approxi- 
mation, the turbulent fluctuations in the laminar sublayer 
satisfy the same equations as the fluctuations in a laminar 
flow in the inner viscous region at the wall. The wu? spectra 
and the wu’ variation through the sublayer can be computed 
from one measurement of the wu? frequency spectrum within 
the sublayer at a known distance from the wall. Comparisons 
of the theory with existing measurements show reasonably 
good agreement. Certain aspects of the turbulent shear stress 
p(uv)~ in the sublayer and the variation of u’ outside the 
sublayer are qualitatively consistent with this model. This 
theory also provides a possible explanation for the convective 
velocity found in the measurements of pressure fluctuations 
at the boundaries of turbulent flows. Examining the effect 
of strong free stream turbulence on laminar boundary layer 
transition, it appears that the physical model underlying 
Taylor’s parameter is incorrect. 


E10. On Calculating Momentum Thickness of Turbulent 
Boundary Layers. E. M. Uram, United Aircraft Corporation.— 
The transformation @=6@R- originally applied by Buri 
enables solution of the von Karman momentum equation by 
simple quadrature. Maskell and others further justified the 
use of this transformation for the calculation of the momentum 
thickness for two-dimensional airfoil flows. In this author’s 
attempt to apply this transformation to axisymmetric conical 
and annular diffuser flows and pseudo-two-dimensional 
channel flows, it was determined that each type of flow 
dictates a different coefficient for the transformed differential 
equation for such flows is obtained if the transformation 
© =0LR,* is used, where L denotes a characteristic length 
such as the diameter for conical flows or the diffuser height 
or breadth for channel flows. The solution takes the form 


1 » 0.2155 
[0.060 Se? Ub 
4/1.2155 
+ 255 4 


where L and @ are expressed in inches. Calculations using this 
expression have been found to agree with experimental data 
within +10%. 


Fl. Streak Interferometry. F. D. BENNETT, D. D. SHEAR, 
AND H. S. BurDEN, Ballistic Research Laboratories —A modi- 
fication of the Mach-Zehnder interferometer is described which 
permits streak interferometry of transient axisymmetric 
flows. Examples are shown of interferograms taken of flows 
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produced by exploding fine metallic. wires. Prominent features 
of the interferograms include (1) clearly defined shock waves, 
(2) a narrow, transparent flow region behind the strong 
shock where fringes may be seen, (3) an opaque region 
presumed to be caused by the dispersed metal, and (4) 
luminous regions associated with the second shock wave and 
electronic excitation of the material near the axis of symmetry. 


F2. Decomposition of Nitric Oxide behind Reflected 
Shocks.* E. FREEDMAN, J. DaIBER, AND W. H. WuRSTER; 
Cornell Aeronautical Laboratory.—Mixtures of 0.5% to 10% 
nitric oxide in argon were heated in a shock tube with helium 
drivers, and the decomposition behind the reflected wave was 
followed by recording the concentration of nitric oxide as a 
function of time. Continuum radiation of 400 usec duration from 
a xenon flash lamp was passed through the gas into a medium 
quartz spectrograph onto two photomultipliers placed in the 
focal plane of the spectrograph. Two 20 A windows around 
2283 A and 2465 A were used, which correspond to spectral 
regions of strong oxygen absorption and to the band head of 
the (0,2) transition of nitric oxide, respectively. The data 
from the first channel made it possible to correct the data of 
the second channel for the effects of oxygen absorption. The 
results show that initially nitric oxide decomposes by a second 
order reaction, after which the reaction rate undergoes a 
sharp increase. The duration of the second order regime 
decreased from 27 ysec at 3000°K to about two at 3700°K. 
The second order rate constant is 10-4 exp( —60 000/RT). 


* Supported jointly by the Air Force Office of Scientific Research and the 
Department of the Army. ; 


F3. Effect of Compressibility on the Reading of a Surface 
Pitot-Tube Used for Skin Friction Measurement. B. R. 
VasuDEvA, The Johns Hopkins University (introduced by 
L. S. G. Kovasznay).—The reading of a rectangular surface 
pitot-tube in a compressible turbulent boundary layer can be 
predicted from the geometry of the pitot-tube and from the 
semiempirical laws governing the velocity distribution in 
turbulent boundary layers. As a result the low-speed calibra- 
tion of the surface pitot-tube can be used for the determination 
of skin friction in high subsonic and transonic Mach number 
ranges by applying only a small correction. The results of the 
calculations were verified by experiments in a turbulent 
boundary layer on a flat plate in the Mach number range 
of 0< M<0.85. 


F4. Interferometric Study of the Hypersonic Blunt Body 
Problem. I. G. D. AND RayMonD SEDNEvy, Ballistic 
Research Laboratories.—An experimental investigation of the 
flow fields around spheres in free flight was made using the 
optical interferometer. Data were taken for Mach numbers 
of approximately 5 in argon, nitrogen, and air. A discussion of 
the accuracy of the density measurements is given. It is 
found that, in a small region near the shock, the inaccuracy 
can be appreciable; near the axial streamline the error is at 
most 2%; but over most of the field the error is at most 1%. 
For the temperatures existing behind the shock in nitrogen, 
vibrational excitation should occur but is not found. This is 
explained, using a simple but fairly accurate model of the 
flow, by the long relaxation time compared to the scale of the 
experiment. If relaxation occurs at all it will be confined to a 
thin layer contiguous to the body. Evidence of molecular 
vibrations is found for the case of flow through air but slightly 
more than would be expected assuming that oxygen is excited 
and the nitrogen frozen. 


FS. Interferometric Study of the Hypersonic Blunt Body 
Problem. II. RayMonD SEDNEY AND G. D. Kant, Ballistic 
Research Laboratories.—A procedure, which uses interfero- 
metric density measurements and measured shock wave 
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position, was developed for finding all other flow variables of 
interest in the region between a body and its bow shock wave. 
The method uses only the principles of conservation of mass 
and energy. The procedure was set up for a high-speed com- 
puter and an analysis of error propagation was made. It has 
been applied to the data obtained in Part I and representative 
results are shown. The position of the sonic line can be deter- 
mined to within 2%. The results are compared with three 
recently developed numerical methods for computing the flow 
over blunt bodies. Two of these are inverse methods and one 
is a direct method. The comparisons are favorable except in 
certain regions of the flow: near the body for the inverse 
method and near the shock for the direct method. 


F6. Evidence on the Fluid-Dynamic Mechanism of Pit 
Formation in Ablating Bodies. D. T. WittiaMs, University of 
Florida.—A recent article by Cheng! proposes the mechanism 
of a Taylor instability to account for the pitting of meteorites. 
In contrast, Williams? proposes a fluid-dynamic mechanism 
involving bound vortices that appear in certain regions in the 
flow over any ablating body of bluff and nonsymmetrical shape. 
In connection with the latter work, pits were formed on salt 
cakes in a steady motion through water in the manner proposed 
as constituting fluid-dynamic geometry similar to the subsonic 
pit-forming flow in the boundary layer over meteorite surfaces. 
A series of measurements were made of the air flow within a 
pit of this type, at approximately the same Reynolds number 
as that of the water flow that formed the pit. Inside the pit, a 
vortex of the predicted type was observed, having essentially 
constant angular velocity about the vortex axis at any given 
point. Measurements of the steepness of the boundary layer 
velocity gradient at the salt surface inside and outside the pit 
are not complete, and initial results are not conclusive. It 
appears possible that the gradients are roughly equal. If later 
observations should fail to support such a conclusion, explana- 
tion of the pitting mechanism might then be found in such 
an intermittent process as has been suggested by Johnson.’ 
Present observations tend to favor either the Williams or 
Johnson mechanisms rather than that of Cheng, in view of 
the absence of conditions permitting a Taylor instability 
during pit formation on salt cakes. 

1 Sin-i Cheng, Jet Propulsion 29, 579-587 (1959). 
ass T. Williams, Smithsonian Contributions to Astrophysics 3, 47-67 


‘ Robert H. Johnson, GE Research Laboratory Report No. 58-RL-2074 
(September, 1958). 


F7. Mass Transfer Cooling of a Porous Hemisphere at 
Mach Number = 5. G. E. ANDERSON AND C. J. Scott, Uni- 
versity of Minnesota (introduced by R. Hermann).—Results 
are presented of a theoretical and experimental investigation of 
the effects of injecting helium and air into the boundary layer 
of a porous hemisphere in a M=5 airstream. An analytical 


.prediction of the injection distribution required to produce a 


constant surface temperature is compared with measured 
temperature distributions. Local heat transfer coefficients and 
recovery factors were measured and compared with available 
theoretical predictions. Microschlieren photographs were 
taken of the boundary layer at various stations. Magnification 
of the system was sufficient to clearly see the injection bound- 
ary layer even at the stagnation point. 


F8. Evaporative Film Cooling of Blunt-Nose Models at 
M=7 with Air Stagnation Temperatures up to 2200°R.* R. 
HERMANN, W. L. MELNIK, AND J. O. A. STANKEvVics, Uni- 
versity of Minnesota.—Heat transfer to an evaporating water 
film continuously supplied through a single orifice at the 
stagnation point was measured on blunt-nose models in the 
12X12 in. Hypersonic Wind Tunnel at Mach number 7 and 
air stagnation temperatures from 1000 to 2200°R. Details of 
the flow field, such as velocity gradient at the stagnation 
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point, were determined from measurements of static pressure 
and compared with existing theories. The film thickness of 
the coolant is calculated along a 10-degree half angle cone for 
various mass flow rates. Also, the water flow rate necessary 
for cooling of a hemisphere from the stagnation point to a 
certain azimuth angle is obtained. Characteristic ice formation 
is observed at the rear of bodies caused by a condensation of 
water vapor in the diffusion boundary layer. It will be shown 
in movie strips. Analysis of these phenomena is accomplished 
with the aid of the pressure-temperature diagram showing 
the thermodynamic state of the evaporating water film and 
the air in nozzle and cone flow. 


* This research was supported by the U. S. Air Force Office of Scientific 
Research. 
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F9. Theory of Ground Interference on Slender Rocket 
Sleds of Arbitrary Cross Section.* R. HERMANN AND W. L. 
MELNIK, University of Minnesota.—The pressure distribution 
on a smooth, slender, three-dimensional rocket propelled sled 
body moving along the ground is computed for subsonic 
velocities and moderate supersonic Mach numbers. The flow 
is approximated by superposition of locally tangent conical 
fields along the axis of the body and its image. The normal 
force loading and lift coefficient are obtained from an integra- 
tion of the pressure distribution on an advanced sled 
configuration for a specific height above the ground. Com- 
parison with limited measurements of the lift coefficient 
indicates reasonable agreement with theory. 


* This research was supported by the Air Research and Development 
Command. 


Preliminary Announcement of the 1960 Spring Meeting at Washington 


The 1960 Spring meeting of The American 
Physical Society will be held at the Sheraton-Park 
Hotel and the National Bureau of Standards on 
Monday, Tuesday, Wednesday, and Thursday, 
April 25-28. Observant readers of this announce- 
ment (other than the very newest members of the 
Society) will notice two striking changes from the 
traditions of the past. The Washington meeting 
will now for the first time be spread over four days, 
and thereby we shall have opportunity for fewer 
simultaneities of sessions, more invited papers, and 
more contributed papers if there is to be another 
upsurge of these. The convention is moving into 
the forepart of the week, and the first three of its 
four days will coincide with the meeting of the 
National Academy of Sciences, a shift and a 
coincidence that are forced upon us by the tremen- 
dous competition for convention space in the 
Nation’s Capital at just this time of year. The 
Local Committee has stabilized this arrangement— 
a four-day meeting, occurring in the forepart of the 
week which includes the last Wednesday of April— 
on a continuing basis for years to come. This may 


be good news to some and not so good to others, 
but it is a necessary condition for springtime 
meetings in Washington. 

Room reservations are to be made by writing to 
the Sheraton-Park Hotel, Washington 8, D.C. 
You must mention that you are a member of this 
Society coming to its meeting! The Sheraton-Park 
engages to provide rooms in other hotels after the 
quota that it has assigned to us is fully booked. 
Most probably most of these will be in nearby 
hotels. 

Deadline-day is Friday, February 12, 1960, and 
abstracts are to be sent to Karl K. Darrow, Ameri- 
can Physical Society, Columbia University, New 
York 27, New York. The foregoing sentence is 
probably useless, since we do not dare to hope that 
this issue of the Bulletin will be distributed before 
the crucial day; but its content has been given in 
previous issues of this Bulletin, as also has the 
warning that the deadline will be rigidly enforced. 
If your abstract arrives on February 13 or later, 
you will soon be seeing it again, but not in print. 


1960 Topical Conference on Neutron Diffraction in Relation to 
Magnetism and Chemical Bonding 


~ A Conference on Neutron Diffraction in relation 
to Magnetism and Chemical Bonding, sponsored by 
Oak Ridge National Laboratory, the Office of Naval 
Research, and the American Physical Society, will 
be held in Gatlinburg, Tennessee, April 20-22, 1960. 
Members desiring more detailed information should 
write to E. O. Wollan, Oak Ridge National Labora- 
tory, Oak Ridge, Tennessee. Abstracts of con- 
tributed papers may be sent to E. O. Wollan (not 


to the Secretary of the Society!) and must reach him 
not later than March 1, 1960. Abstracts must con- 
form to the same regulations as are imposed on those 
submitted for general meetings of the Society; otherwise 
they will not be printed. Take note that it is the 
prerogative of the management of the Conference 
to accept or decline contributed papers that are 
offered. 


Second Topical Conference on Reactions between Complex Nuclei 


A second conference on Reactions between Com- 
plex Nuclei will be held on May 2 and 3, 1960, at 
Gatlinburg, Tennessee. Any member of the Society 
who desires more detailed information should write 
to Dr. Robert S. Livingston, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. Abstracts of 
contributed papers may be sent to Dr. Livingston 
(not to the Secretary of the Society!) and must reach 


him not later than April 2, 1960. Abstracts must 
conform to the rules and instructions imposed on 
abstracts for the general meetings, else they will not 
be published in the Bulletin. Take note that the 
management of the Conference has plenary au- 
thority to accept or decline contributed papers that 
are offered. 
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1960 Gaseous Electronics Conference 


The Thirteenth Annual Gaseous Electronics Con- 
ference will be held at Monterey, California, on 
October 12-14, 1960, under the sponsorship of the 
U. S. Naval Postgraduate School and of the 
Division of Electron Physics of The American 
Physical Society. The scope of this conference em- 
braces fundamental knowledge in the whole field of 
ionization and discharge in gases, not excluding 
plasma dynamics; but papers on specific devices 
will not be admitted. 

Abstracts of contributed papers may be sent to 
N. L. Oleson, Conference Secretary, U. S. Naval 
Postgraduate School, Monterey, California, and 


must reach him not later than August 24, 1960. 
Abstracts must conform to the same regulations as are 
imposed on those that are submitted for general meet- 
ings of the Society, otherwise they will not subse- 
quently appear in this Bulletin. As always, it is the 
prerogative of the management of the Conference 
to accept or decline contributed papers as it chooses. 
The Conference Committee will not accept a greater 
number of contributed papers than is compatible 
with its intent to keep the meeting within three 
days, to avoid simultaneous sessions, and to pro- 
vide adequate time for presentation and discussion 
of the papers that are accepted. 


MEETINGS AND DEADLINES THROUGH SUMMER 1960 


Place 


New York 
Houston 
Detroit 
Washington 
Montreal 


Abstracts for these meetings are to be sent to 
Kart K. Darrow, American Physical Society, 
Columbia University, New York 27, New York, 
and must reach his office not later than the corre- 
sponding deadline date. The inclination of our mem- 
bers to wait until the last minute too often results 
in waiting beyond the last minute, and this is by no 
means always the fault of the postoffice. All ab- 
stracts that arrive in envelopes postmarked on 
deadline day, and all abstracts that arrive in enve- 
lopes postmarked on or near the West Coast on the 
day before deadline day, are instantly rejected ; but 
even those that are mailed a day or two earlier are 


Meeting dates 


January 27-30 
March 4-5 
March 21-24 
April 25-28 
June 15-17 


Deadline date 


past 

past 

past 
February 12 
April 8 


by no means sure of making the grade. A special- 
delivery stamp is usually useless and often worse 
than useless. It is a good idea for our members to 
put their abstracts into United States mailboxes 
themselves, instead of entrusting them to company 
or university mail collectors; we often get abstracts 
with covering letters dated two days earlier than 
the postmark. Telegraphed abstracts are unaccept- 
able. The privilege of contributing papers to meetings 
of The American Physical Society is restricted to the 
members of the Society and to nonmembers whose 
papers are sponsored by members. 


TOPICAL CONFERENCES (see pages 136-137) 


Place 


Gatlinburg 
Gatlinburg 


Condensed topic 


Neutron Diffraction 
Reactions between 
Complex Nuclei 
Monterey Gaseous Electronics 
Abstracts for these Conferences are to be sent to 
the respective addresses given in the respective an- 
nouncements on pages 136-137, and NOT to the 
office of the Society. They must conform to the same 


Deadline date 


March 1 
April 2 


Dates 


April 20-22 
May 2-3 
October 12-14 August 24 
rules and instructions that are imposed on the 


abstracts for general meetings, else they will not be 
published in our Bulletin. 
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RULES AND INSTRUCTIONS FOR THE PREPARATION OF ABSTRACTS 


The Council has ordered that abstracts shall be 
not longer than two hundred (200) words or the 
equivalent thereof. In reckoning equivalence, a 
footnote is equated to ten words; each line in a 
table to ten words; a “‘display”’ formula—one that 
requires a line to itself—is an expensive luxury 
equated to forty words. 

Two copies of each abstract must be sent to the 
appropriate office. They must be typewritten; one 
must be an original, the other may be an original or 
a carbon copy. Carbon copies will not be accepted in 
lieu of originals: they smear. Abstracts must be 
double-spaced: single-spaced manuscripts are too 
crowded to permit the editorial markings to be 
made with ease and clearness. Each abstract must be 
confined to a single page: if it is too long for a single 
page it is too long to be printed. If we receive an 
abstract typed on two pages, we print only its first 
page. Write each abstract as a single paragraph: the 
suppression of paragraphs costs time and labor to 
the editors. Do not use very thin paper: a sheet of 
very thin paper may cause extraordinary trouble 
when mixed with sheets of reasonable thickness. 
The American Institute of Physics will bless you if 


you type first the title of your abstract in lower-case 
with capitalized initials, then your name in capitals, 
then the name of your institution in lower-case 
underlined with capitalized initials. It is a pleasure 
to report that those who qualify for this blessing are 
increasing in number but are still quite a bit short 
of 100% of the total. Issues of the Bulletin are 
always appreciably delayed because the editors 
have to do what the authors should have done. 

Remember the rule of the Council that, if an 
author submits more than one abstract, all but one 
must go onto the Supplementary Program. In 
enforcing this rule, an abstract is credited to the 
author whose name appears first in the by-line. 

It has now become an expensive business to make 
any change in an abstract, even the smallest, after 
the abstract has gone to press. By order of our 
Council ‘‘A change in an abstract will be permitted 
only at the discretion of the Secretary or his deputy, 
and only if TEN DOLLARS is enclosed with the 
letter in which the change is requested.” As here- 
tofore, an abstract will not be withdrawn from 
proof unless the asker sends ten dollars with his 
request. 


New Instructions 


(a) If it ts wished that two abstracts be scheduled consecutively, write on the first ‘‘To be scheduled before 


abstract 


added to a session to which it 1s irrelevant. 


by ” and on the second ‘‘To be scheduled after abstract 
(b) If a member insists that his paper be scheduled for a particular day, this usually will entail that it be 


(c) The Council has empowered the Secretary and his deputies to count a footnote either as ten words or as 
the actual length in words of the footnote, whichever is the greater figure. This authority will be used in dealing 
with lengthy footnotes consisting of prolix and redundant information about the provenience and sponsor- 


ship of abstracts. 
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